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CH APT  HP  TV.  Hylnulio  servomechanisms  (hydraulic  booster  s|  . 

•GiflJ/' ELEMENTS  OF  1 Y D?  AULI  C BOOSTERS. 

Hydraulic  booster  - the  totality  of  hydraulic  apparatuses  and 
volumetric  hydraulic  on  lines,  in  which  the  motion  o£  control  device 
is  converted  into  the  mo* ion  cf  the  controlled  member  of  Larjo  power, 
matched  with  the  motion  of  control  device  along  speed,  direction  and 
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Si  a Vi’/  in  vo  t yp  r»  ydr uulic  booster  i.-  power  hydraul  ic  drive  ir 
which  actuating  neehai.  ism  (ou^j  it/yielrf)  r-*  prod  uc«s  (it  tracks)  the 
law  of  th“  motion  of  ♦ h(  control  device  (inlot)  , tor  whio)  in  system 
is  provided  for  con  t i ::  noun  coBBUfiication/connectioi  between  exit  i nd 
input  computers,  which  is  c tiled  iced  hack . Otherwise  ny  the 
slave/sorvo  hydraulic  iriv<~  is  understood  hydraulic  drive  with  the 
automatic  control  in  which  t hi  sue*-*  1 of  motion  cl  the  roues? 

(rotation)  or  the  driven/ known  com  pon?i.t/l  ink  of  volumetric  hylraullc 
engine  charges  according  to  the  determined  law  depending  or 
previously  not  the  kr.own  variable,  which  affects  from  without  the 
volumetric  hydraulic  -.rive. 

Names  of  this  drive  - the-  " si  a ve/servo  hydraulic  booster",  ar  1 
also  the  "slave/servo  hydraulic  drive"  are  based  fact  that  the 
out pu t/y i M d of  this  lyiraulic  booster  automatically  remov-s  through 
feedback  the  appearing  i i -sa  greemer  t/mi  rma  “ch  between  tna  control 

pressure  (input  signal)  and  the  reciprocal  action  (output  signal).  By 
inlet  either  input  signal,  here  it.  undr  rst  ood  any  intentional  -»tfect 
(displacement,  the  speed  mi  the  other  parameters),  communicated  to 
the  sersor  of  •iimjre^’v  nt/mistratch  from  setting  -device,  while  by 
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output/y  is  Id  or  output  signal  i:  understood  the  effect,  developed 

with  actuating  el  em  ent  (hydraulic  r>ngire)  with  the  aid  of  which  is 
realized  the  required  displacement  ot  the  given  operating  unit  of 
mach i ne. 

The  hydraulic  sor  v omecha  r is  ms  had  extensive  appliratioi  in  the 
different  branches  of  technology  and  in  particular  in  the  control 
systems  ol  contemporary  cargo  vehicles,  including  motor  vehicles, 
marine  vessels,  iircraft  ind  other  flight  vehicles.  rhn  especiilly 
widely  servomechanisms  are  used  for  copying  the  form  of  workpieces 
and  copying  displacements. 

The  designation/ purpose  of  the  slave/servo  hydraulic  drive  of 
the  control  systaa  lies  in  the  : ac*  tha1-,  in  order  to  move  load 
(loaded  operati  r.  j unit)  according  tQ  the  assigned  law  and  a*  given 
speed,  prcviling  in  this  case  the  required  intensification  of  output 
power,  obtained  by  using  an  energy  of  the  applied  liquid.  sy  load 
here  is  understood  the  complex  of  *•  he  static  and  dynamic  forces, 
which  act  at  the  output/yiold  rt  actuating  mechanism  (cylinder  of 
hydraulic  motor  or  th  ■ stock/rod  of  actuating  cylinder). 
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Thp  | o j l'  e4  of  th<=>  in  t^nsif  ica  i-  ior  of  output  po  woe  (p3«r 


is  virtually  not  liniteil. 
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At  hi^'h  output  jiow^r  the  power  of  input  signal  car.  tie  decreast  i 
down  t.o  negligibly  low  value  (0.9  W). 

For  a trucking  in  the  hydraulic  boosters  an  question  is  commonly 
used  the  nr  jativo  feedback,  wh  id.  * i anriri4-  s output  signal  ♦o  inlet 
(to  control  ievicu).  This  communic:  ifioi  /connect  ion  is  called  negative 
as  a resul*  of  he  fact  *- ha t the  effect,  which  enters  from  it  to  the 
inlet  of  hydraulic  booster,  is  opposite  on  sign  to  the  basic  input 
effect  (control  knob,  etc.).  » hen  4 he  negative  output  signal, 
transmitted  through  this  feedback,  becomes  equal  to  positive  input 
signal,  the  hydraulic  engine  or  amplifier  is  d i sc on root /t u r r ed  off 
(ceases  the  power  supply  of  engine). 


there  arr  diff  >ren*  forms  of  the  feedback  from  which  in  systems 

and  device3  or  automatic  control,  in  particular  in  elo:  trohydr  aulic 
servomech  a n i s.ns , nost  widely  is  applied  t h * 1 follow-up  direct  feedback 
of  ou  t.put/y  iell  with  inlet  0n  position,  wnich  possesses  t h •>  high 
accuracy/precision  or  tracking  and  stal  ilitv  against  vibrations. 


Py  the  design  concept  of  the  last/latter  form  of  fallback,  ar'> 


distinguished  t h-  hydraulic  boosters  wi*.h  levor/crank  feedback  (Fig 
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1 1 5 a <i  n d i 
wh  ich  it 
of  arms  tn 
r iq  id  sir 
(valve,  : 

The 

hydra  ul  it: 


),  the  coef  I ici<->nt  of  *•  aback  (amplification  factor)  of 
is  possiolo  to  change  with  th-  selection  of  tie  rolationshi 
as.!  n of  1 if  f <-ren  t ia  1 lever  7,  and  hydraulic  boosters  *'ifh 
jle  feedback  (Fij.  1 1 5c  and  110a),  in  which  sensing  levico 
D.'zle,  ate.)  it  i:  place.'  diLectlv  on  exit  com  pon  er.  t/  li  n n . 

liagratn  of  the  slave/servo  hydraulic  booster  with  *h=» 
engine  of  r~  c"  i linear  io*  ion  and  by  rijii  lever/crank 


feedback  is  represent'-  1 in  Fig. 


1 1 5a . 
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This  hy dr  a ul ic  boos ter  consists  ii  sssence  of  t h<  same  cell/<sleii  ' * , 
as  hydraulic  diivi  examined  above,  •;  if  fnc  ing  f roir  than  an  l y in  terms 
of  the  ft?sence  ol  follow-up  direct  feedback  ii.  the  form  of 
differential  l?v?i  7,  that  covets  1 is+ 1 ibu  *■  or  (inlet)  3 ar.  -d  hydraulic 
engine  (outpiut/yi  »1  i)  « (--e o Pi g.  115c),  an:  also  fact  that  for 
providing  (ual  conditions  during  , i ;ton  .droko  into  both  riles  trf 
applied  cylinders  with  bilatera  1 ock/rod  ( ser  Fi  j.  26  b)  . Tn  ai  »vir. ; 
thrust/rol  2,  connected  with  control  knob,  is  pov<*  1 t ne  point  of  1 
differential  Invar  7 feedback  with  which  are  conn  t ha  stork/rods 

of  actuating  cylinder;  g and  of  the  vilve  of  distributor  1.  since-  *he 
forces,  which  coun  t -tract  to  *1*  li  ..placemen*  of  t he  valve  of 
disti  il  utoi  , con-si  I -r  i : ] •/  t l';;s  appropriate  forces,  watch  act  it  • j 
the  syst  -a  ol  power  piston  4,  point  > can  be-  considered  in  ♦ he 
beginning  ot  the  motion  of  thrust/rol  2 as  .mo*-  i onl  ->3s,  in  v:  >k  of 
which  its  motion  will  cause  through  lever  7 displacement  ~>  + the 
plunger  if  the  valve  of  distrilutor  3.  As  a result  d u r i n j the 
displacement  of  v a 1 v:»  from  ftr-c  position  *o  the  value,  greater  h-t/2 


(set-  rig. 

11  Sri)  , lig 

u i •! 

will  f-r.tci  the  appropriat 

e ca vi’’  y of  cylinder 

5,  wh  led 

will  cause 

the 

displacement.  of  piston  ^ 

and  , cons  egu  ->  nt  1 y , 

also  ‘he 

points  of  t> 

O 1 

tput/yif.  Ld  to  cert  iin  way. 

proportional  to  bii 

displacement  or  thrust/rod  2 (to  deflection  0 c the  hand  1 » ot 
cent  rol)  . 
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fc£t  ei  t h<  ii  . > t thrust /rod  1 » . 1 ! he  ended,  cintinuous  to 

novo  piston  4 will  report  through  * V 1<  v*-r  to  7 feel  turn  to  1 1.  • 
piuR'jei  o.  r t'  vi’  v>  if  ! is.  1 1 i tutoi  < disj  3 ice  went,  opposite  «■  o “ha* 

which  it  o’  t.-jij.  r.j  ♦ hoc  fur  dur  j j 1 j s j;  idc^inen  of  t i r u .it  /r  o.i  2. 

controls.  :ii  nc*  i i i cas**  < xpen  ;itui  - li1»  vi  ]v->  ports  will  he  a 

a result  or  tar  r-v  „ n;o+  ion  e t . » ; lu.  jet  gr  i dually  ♦ o he 

covered,  mount  if  1 1 • u j.  1 , j!  ir  * rvlnl-i  , 1 cr>i  •,  in 

consequ  ncf  of  wh  ich  the  peed  it  a p is  ton  : ♦ will  ie crease  i r t i 

the  pi  unq*  t »f  v.i  1 v ” arrive.;  to  t!  ;>o  it  i . • i • . i ■ -t  *•  h •»  wj  n 1 ows 

completely  will  > ve  r 1 a p , i ■ * 1 - . * will  »p  equal  to 

zero. 


Dur in  q * ho  li s placemen t ri  th-  plunger  of  vilve  to  opposite 
side,  the  motion  of  all  cel  1/c  lemcnt  s of  adjuster  will  occur  in 
opposite  direction. 


Ii  actuality,  or  the  virions  s-aqes  of  the  motion  of  inl^t  and 
out.put/yi  n 1. 3 of  th  ••  s~r  vomochar.isn;  in  question  with  follow-up  direct 
feedback  there  does  not  • xist,  and  boti  motions  f Low/last  virtually 

simultaneously,  i . , i*-  occurs  not  steppe*  i continuous  "track  in" 

as  actuating  m ?cha  r i . (out  pur/yi  el  d)  after  t h*-  displacement  of 


in  lo t 
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The  information  * bo  at  the-  position  of  actuating  eloipn1, 
overhangs  to  valv-'  it  tin-  diagram  in  quest  ion  the  3 if  f * r ? n + i 1 1 lever 
7 feedback,  which  r>  sta  d 1 ish/ii.stal  1 s th  ? plunger  cf  valve  in  the 
procogs  of  tracking  in  free  position.  As  a result  of  tn  is  negative 
feedback,  actuatiu  ) 'lonea*  (ou-put/yield)  reproduces  on  t lie  assign'- 1 


scale  the  put  ion  of  control  (ir.let). 
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Figure  115e  show-:,  the  stardaii  nlcck  liagram  i*7  th?  similar 
automatic:  follower,  which  consists  of  nnpl  ittot  (distributor)  and 
hydraulic  engine,  which  are  «r  v eloped  by  negative  feedback.  The  input 
effect  (di spl aceme nt/mov emu nt ) , which  enters  the  sensor  (]°t?:tor)  of 
disagree  nr.-  r.t/sni  snatch , here  i •••  compared  by  eguipmen* /device  of 
feedback  w i - li  exit  •>tfoc*,  and  on  the  manufactured  as  j result  of 
this  of  comparison  disa  gr  eo  n<  r.  t /mi  sm at  ch  between  signals  is 
establish/inst.  illed  t f.  > speed  of  the  motion  of  output./yiel  i.  From 


r 
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Fiy.  115o  it  follows  that  t ho  input  effect  ( i isp  laceaent /*  ovom-i.t  j x, 

that  <»n  tor  s on  aninlrfier  from  t no  son  .or  of  1 isa  groeaont  irenatc)  , is 

equal  *o  a ii  f ter  once  in  *-h*  ] as?  it:  input  or  foot,  of  the  , whic! 

enters  this  ‘otisor,  nr  0 the.  < t fecf  of  ♦ ho  x , tmsfsrroi  from 

c c 

output/yield  (hylraulic  engine)  through  the  foe  ’.back: 

X ” Xy  XQ  g. 


Hor>  the  follow-up  direct  feedback  in  ju os t ion  is  ioscrib«i  I y 
the  equation,  whir!  transmits  the  lependenc*  between  er it  and  input 

coaimunicat  i on/conr. oct ions, 

*0.  c ~ &o.  C®  I 

uhero  tie  x an!  a io  is  describee  exit  and  iron*  f^iback: 

l C 

/c  are  'he  join  (gear  ratio)  of  feedback. 

C.  c- 

Aro  applied  also  the  hydraulic  boosters,  in  which  the 

distribution  v-alv>  ( i r 1 < ■*• ) i \ s arranged  directly  in  exi‘ 
componen^/link  (length  of  the  lever  of  feedback  is  ' g u a 1 to  :nn)  . 
one  of  si  ni  la  r diagrams  is  giver  in  Fig. 


Ilua.  Since  as 


h o ba shin  : 
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of  d i st.  r i L ut  i on  va  1 ve  here  S' i ves  * >ok/i  > i himself  1 (exit 

co  mpo  n ?r.  t / 1 i n k ) tti*.  power  piston  a,  s vstem  "o  lit  put/y  ie  1 ' , inlr'*',  1 . - - 

covernl  by  folLov-u:  iirect  feedbacK. 

The  ) i sag  ream  ent/-i  is  match  es  , which  appear  between  tt»a  control 
pressure  (d  isplac  a men  t /mo  vernon  f or  crank  J)  and  the  i ?cipr  ocal  action 
(output  signal)  , ar  “ removed  uirec‘ly  luring  tie?  motion  of 
output/yiell  ( w i t n its  attack  to  inlet) , i.  .,  i-  is  provided  the 
direct/straight  "tracking"  of  outp  lt/y  i -'ll  (stock/rod)  after  -he 
d is p lacem  ' r. t/mo  vr* m o n t of  inlet  (plunjet  of  valve). 


Aro  applied  also  the  hydraulic  boosters,  in  whico  th?  valve  is 
placed  in  the  housing  of  cylinder  (see  Fig.  1 1r»c)  ; piston  rod  in  this 
eu  se  is  fastened  motionlessly,  and  mobile/imot  ile  cylinder  th°v  Link 
with  the  jiv^n  node/unit.  Liguid  in  this  iiagram  is  supplied  to 
actuating  cylind?r  on  hoses  or  along  the  axial  channels,  executed  ii 
motionless  s*ock/rod. 


Figure  11  5 l jiv-s  the  diagran  of  a similar  hydraulic  boos-er 
without  lifferential  levor  with  the  stepped  piston  of  hylranlic 
cylinder.  Pis -or  1 forms  wi*h  cy  1 1 n d er  1 annular  chamber  b , 
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constantly  connect-'  l with  main  t > r '.sure  line  (see  also  Fi  j.  2-1), 
chamber  i,  constantly  connected  with  iiitt^r,  and  tlso  cavity  c , which 
with  the  ill  or  arr  an  j«d/locat  <-d  in  piston  valve  2 can  b?  connected 
with  charters  a or  h.  I r.  the  position  of  valve,  shown  in  p iq . 1 1hb, 
cavity  c is  separate-)  both  tror  the  chamber  b and  from  charter  -t. 

With  this  th->  closed  in  cavity  c liquid  impedes  th-* 
d isp  lace  ma  r.t /mo  vc  ti  e a t or  pis*,  or  2 * o *he  lei*  u n 1 -*r  the  ?f  fee*  of 
pressure  ir  chamber  b,  act.  i rg  or  annulus  piston, 

F = T(d\-c%). 


In  rovirij  vaLvv  2 to  the  right  cavity  c will  be  comectei 
through  the  annular  groove;  of  valve  with  chamoer  b , as  i result 
piston  rot  , connect..]  with  load,  i*  will  te  move)  un  ler  affee*  of 
pressure  or;  the  uni  alancei  part  of  it  area  t)  the  riiht,  following 
the  valve,  with  tne  cessation  ot  valve  2,  piston,  attaching  *o  i*  , 
overlaps  *f  > . ; I i i - v t 1 v e slo*  through  which  thus  far  they 
connectel  chamber  b mi  cavity  c.  As  a result  piston  3 will  stop. 
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I n in 

cy  1 in  ilor 
this  ca 
piston  uri 
chamber  b 


will  m o v ■ 
at  t a c k i n , 
of  cyliiiG 
St  op. 

As  i 
its  mot io 


G7/ 


ovinj  vil  vn  2 of  ‘•hi.;  position  to  ♦he  lot-  cavity  r of 
will  bo  connected  thtoiiil  channel  a and  Mo*  si  ot , formed  in 
by  the  r i Ji.t  or  i/ioc<  ot  valve  with  j«*  ♦ »t  , as  a result 
l^r  the  affect  ot  pr^sr>ur°  or  li  mil  from  th^  si  3 e of  the 
on  annul  us 


F = ±(di-dl) 


1 1 

gO 

- a t he  1 ef 

t . V.  1 1 

t he  cess 

at  ion  of 

valv?  2, 

piston 

to  v a 

1 v 2 , will 

ov-. rl  ap 

chant-  1 

a , w h 1 ch 

con  r. ect  s 

cavity 

r 

w it 

h overflow 

chamber 

a.  Asa 

result  t 

h ^ piston 

wi  1 1 

follows  from  diagram,  the  effec-ive  area  of  piston  luring 
it;  both  1 i r net  io  rr  will  Lo  a r-*  a 
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in  accor  l incp  wi-  :i 


which  of  force  or.  stock /rod 


P = pF  = -5-  \p(dl—  di), 


whore 

t he 

Ap  = PH  — Pca  ~ 

the  pressure  d if  f er^n  t i i 1 ; 

h ? r -■ 

0 

1 h 

and 

P - t '.u  pre  ssure 

/ C J1 

of  forcing  and  /utter. 

Air f oii/prof i le  of  th«  working  bands  of  plunger  and  discharge 
characteristics  of  valve. 


Tli?  sectional  are*  of  the  passage  channels  of  va  1 v»  for  this 


displacement  of  plunder  from  the  m id- pcsi  t i on  a rd  the  intensify  of 
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the  incredso  o £ fluid  flow  ra  t •:  in  the  com  so  of  plung  >r  depend  on 
the  iesigt  >1  i 4 s working  bands.  1 1 ic<  >rdance  with  this,  the  value 
and  t ho  chat  ict eristic  of  c iscover  y/openit.g  slide  vulv'-  pit*  in  the 
course  of  plunger  determine  it  many  instances  accuracy /precision  and 
the  sensitivity  of  tie  hydraulic  servo  system. 

For  obtaining  th*  ttxi:i,uj  flow  ire  as,  the  plungers  usually  are 
fulfilled  with  cylindrical  lanes  i the  sharp  edges  of  both  bands 
and  the  windows  (biro  liar  annular  grooves)  in  slide-valve  bushing 
(Fig.  1 1 7 3 } . If  it  is  nec ossa:  y to  insure  a smoother  change  in  the 
section  of  windows,  through  the  bands  of  plunger,  they  perform  with, 
small  (6-10°)  conici-y  with  certain  oar-  of  t he  length  of  hand  (Fig. 
117b)  or  with  several  slit-shaped  gashes  (Fig.  117c  and  d) . From  the 
geometric  relationships  of  * he  forms  of  tan  working  (throttling) 
cel  l/eletn«nt  s,  shown  in  F ig.  117,  it  is  represented  possiol*  to 
calculate  the  current  working  sections  of  passage  openings  depending 
on  course  of  plunger  during  motion  tc  i i sco  v^ry/op3  n i n g (beginning 
with  zero  disco vor y/opening)  and  -he  design  parameters  nf  vilve. 


DOC  - 77  1r.niu9  ’ A 7 '•  / 7V/ 


Page  164. 


Key:  (1).  Out put/y iell . 
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rhj  miximiro  :ourse 
case  from  t h . condition 

win. low  woull  Do  » j u 1 1 to  the  sectional  area  of  feeder. 

Are  jiv-n  below  -hit  calculated  impendences  lor  valves  wi-h 
prof  i !■  i .lot.-;  (cone,  flattenings  and  jroove/ slots)  whan  t he  maximum 
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(indie 

°s 
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? t a r s 

f 

c o r l « s 

pon  1 * o pos 

it  i or.s  in  fig. 

117): 

fa  = *ds\ 

fo  = JT  (s  — 2)  Id  — (s  — Z)  Sill  P CCS  p]  sin  p; 
f,  = nb(s  — z ) sin  P; 

L = ~(s-zysm$- 
fo  = nb[R—  \ h-  + {r  -+-  r)*], 


L7*r 


s of  valve  usually  is  selected  ir  * ' •>  peneral 
that  the  area  f oi  .1  i scover  v/o  [ ? n i ng  working 
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Distributor  j of  sor  voir  ech  in  ism  s. 


Besides  slide-valve  listr  iuitors  (see  pi  gs.  4 0*  3 n 1 4 1)  m 
hydraulic  booster.;  n applied  also  ♦ ho  cr  me  and  valve  1 is*-  n tutors, 
structurally  changed  l :i  acccrdar.ce  »ith  the  specific  r?  i u i r ? m j 1 1 s tor 
the  slave/sorvo  nydraulic  drive-.  I r.  automatic  control  systems,  are 
a p pi  i f>r!  a 1 s o the  lis^ributors  oi  * I je  t /s  *_  re  an  t y o-  ■ a :i  1 t ype" 

nozzle"  - sh  utter/ val  v>  wit!  ( lr-c^ic  control. 


Crane  i is- r ibutors  arc  a[| lie!  ore lom i na nt ly  in  li a grans  with 
rotary  type  ac-uatmg  cylinder  (see  ?j  1 j 9a)  . 


;r  designing  era.-.  » distributor,  one  should  orovide  foi  i 
decrease'  in.  frier  i or  * in-  1 i sc:. a r qi  na  of  cock  plui  : roa  the  lit  • a r 
pressur  • if  liquid.  ui  n.  j *h-  1 i ca  t ion/use  of  - au/ci  in  in  sr-rvo 

systems,  1 1 » iischa:  jing  oi  plug  i ; t<  ilized  by  the  pa i rad  » x cutioi 
of  the  a rra n j"d/l or a*  1 diametric- ally  o iqio s it  e ope  n i r j / a pe  l * ur  es  (see 

Fig.  54b).  ; however,  ev-*n,  ii  this  oa  so  crane  distributors  possess 

large  friction,  in  view  of  which  tap/ermos  with  the  sliding  working 


- 
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cel  1/eieme  r:ts  are  applied  usually  in  pressures  not  above  100  itqf/cnp. 
For  a re -luct  ion  in  friction  the  cock  plug  is  placed  in  bushing  on 
net  11**  ! • i : i (■;»•■*  K i j . S4c)  . 


Pa  go  16  5. 

lore  rarely  are  applied  valve  Oistri!  utors  (see  ?i  7.  58a)  , which 

provide  hoc: a 11  :?3  of  th  * practical  absence  of  dead  space  * ha  hi  ih 
sensitivity  of  hy.dr  tulic  booster. 

Figure  118  depicts  the  schematic  diagram  of  hydraulic  booster 
with  differential  piston  and  valve  distributor.  The  left  cavity  of 
the  cylinder  of  2 hydraulic:  boosters  is  constantly  collected  with 
gas-hydraulic  storage  battory/accumulat or  1,  and  right  with  the  aid 
of  the  valves,  giv  0 wi*h  knot /stick  U , alternately  it  is  connected 
with  channel  i of  power  supply  or  gutter  b.  In  the  first  rise  msto: 

1 is  move- 1 to  the  lef*-,  displacing  liquid  from  f In*  left  cavity  of 
cylinder  2 into  storag  * batter  y/accumu  lator  1,  and  in  t h=»  second  1 ♦ 
under  the  effect  of  pressure  of  the  liquid,  displaced  from  storace 


bafterv/accumul at 0 r 


it  is  moved  to  the  right 
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Since 

t.ho  daa  1 

S p 

ice,  causa  ! by  t h< 

overlap  of  valve 

d is t r i b ut  o r 

, h e r o c 

an 

bo  easily  removed. 

this  hydraulic  booster 

differs  ir 

terms  of 

hi 

jh  fidelity  (-  racking  of  output/yield  after 

knob/ stick 

4) . Tne 

p r o 

oSUL’p  of  ‘•he  C7 

1 rl 

of  - !i ■ » p o ? r supply  of 

system  ar.  J 

the  pro  s 

SUL 

e of  to  i r:  st  or 

a ji?  ba  t - er  y/a  ecu  m u la  t or 

select  or:  t 

he  basis 

of 

relationships  ( *-  y 

pressure*  of  tne  p of 

rc . 7 

gutter  and 

fricti on 

no 

disregard) 

pl  — t(°2  - d~i)  Pan  mini 
+ -J-  (D*  - d\)  Pa, « min  = T (°2  - $P" 


whers>  r,  and  P2  - t h*-*  maximum  external  loads  on  the  stock/rod  of 


ac  t ua  * i i.j  cylinder  luring  mo*-ior  of  if  respectively  to  the  right  and 


to  the  lef t ; 

D, 

il  4Pd  b2 

ire  diam^tors  of  cylinler 

a n i 

stock /rods  o 

its  piston; 

P 

a n d 

p - are  the  maximum 

and 

mini  mum 

'J.K 

O'!  AX 

1 ci  r\  rt)  1 »7 

pressur-  and 

st 

ora  j bit* 

or  y/a  ccum  u 1 ak  or  (it  -in*  <=>n  : 

1 of 

the  piston 

the  left  i n ■]  to  the  right);  p - the 


stroke  of  cylinder  to 
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pressure  of  * no  pov  'C  supply  (torc.i,  ;)  of  system. 


Dead  zone  of  t:i>  ;L  r;  /servo  hydra'll  ic  boosters. 


The  inport -Kit  w r i n.  • • ♦ i , « • i c!.  character  izes  the  guaiity  or  t 

slavo/s^rvo  h y i l a *i  1 i c?  luostpr,  i.;  the  r izo/di me nsion  of  lead  zon« 
(the  dead  space)  , in  limit:  oi  which  i change  of  the  control  signs 

does  not  produce  1 or  iny  reasons  for  tho  reaction  (notion)  of  the 
loaded  p‘  rfor.ninj  Lyiraulic  engine  (out  pu*  /yi  eld)  . 


Tie  t i ze/i  i n e n cion  if  this  zone  f or  in  hydraulic  ooost->r  with 
distrilutior  valvo  I v on  is  first  of  ill  on  th?  size/1i*?nsion  of.  t 
over  1 i)  by  - h 1 bands  of  t ho  plunjer  of  the  windows  if  the  power 
supply  of  : ylraulic  -»njine. 

Fior.  the  aforesaid  (see  Fig.  al  , 4 ) and  1 15d)  r-  follows  that 
the  Land  or  plunger  overlaps  ir  sy  mr*- 1 r ic  a 1 position  with  tespect 
these  windows  the  lppropiiate  window  it  length 


In  view  of  ‘ i s 
posit  ion  t o onp  si  le 


ourin'i  the  iispiacem*- nt  of  plunjer  from  free 
or  t he  o*:  h<  r * o + he  size /dimension  of  overlap 


the  liauil  into  actuating  cylinder  (hydraulic  engine)  does  not  r-r. 
and  consequently,  * he  1 isplacement/mov*  men*  of  plunqar  within  the 


limits  of  bilateral  overlap  (2c  = h. 


not  accompanied  by  the 


motion  of  out put/yiel <i  (hydraulic 


nyin<  ) . 
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The  lead  ^o:^^  is  defined  also  * h»  series  otn?r  Uc^ocs:  t>  y 
ai  rt  i jhtn  oss  of  system,  Ly  friction  and  by  aps  of  ■»;.nniral 
node/unit:  , by  ti?  elasticity  cl  system  elements  ml  working  fluid, 
and  also  by  the  load,  applied  a*  output/yi  11.  Gaps  an!  elasticity  in 
the  mechanism,  wn  icn  links  control  xnoj  w i ♦ h valve,  increase  lead 
zone,  : ince  - he  not  ion  of  setting  :•  vie-?  (control  knobs)  De  f o:  - their 
selection  are  not.  accompanied  ly  l er.  1 into  the  hydraulic  engine  of 
energy.  The  load  >*  out  [>;it/yi«  Id  increases  dead  zoro,  since  on  load 
depends  the  pressure  1 if terent ial  of  liquid  in  distributor.  In  view 
of  this  liscov  ty/of  •:  ing  pressure  window,  necessary  for  t he  mart  of 
hydraulic  online  probably  taking  i r.  - o account  the  effect  of  tho 
overflows  of  liquid  ir-o  irainage  cavity,  the  lane,  t h a large-  will 
be  the  this  jump/irop.  Ir.  transient  (being  unstr-aly)  conditions  can 
occur  a supplementary  change  ir.  the  leal  7?no  and  th'-» 

disturbs  nce/brea  k 1 own  of  incut  ac  y/ pc  -'t  x si  on  as  a r*»sul  f of  the  ic4  ion 
of  load  from  the  or  -c  . i r- ■ . exerted  by  masses,  connect?!  to 
drive  n/kd.owi  componr-.n  t/1  in  k , t ni  overcomir  j of  which  will  t<  required 
larger  than  during  th  • st -a  ly- sta t • mod  - of  motion,  d iscover y/open ing 
the  passage  opjning:  of  valve. 

In  ->  jual  measure  required  li  icovet  y/open  ing  iistributor  impends 
also  on  hydraulic  slipes,  increasing  vi4h  in  incr  - is®  in  t h-  latter. 


since  for  their  com  non  sat  ion  is 


rnuLi-  i the  iuppl^mantiry 
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expenditure.  The  notion  of  th-  output/yield  of  hydraulic  engine  when 
hydraulic  slipes  id1  present,  will  not  v,.?  initiated  until  into  its 
working  chambers  is  ;iver:  the  volume  of  liquid,  which  exceeds 
leaka  ges  with  *-Lis  jum  p/drop  in  the  pressure  and  load. 


For  a 

decrease 

t h e 

dead  zone,  which 

] pt  or  m ine 3 the 

accur acy /precis  ion  ot 

t r a c k 

ing , over  la  p 2c 

- h - t of  expenditure 

windows  in 

1 ist  ri  L u tor 

ire 

performed  small- 

est  possible,  leading  if  to 

5 pm  and  1»  >s  up  to  z-ro  (!:  t)  . The  Latter  include  tr* 

distributors  whose  bushing  is  comprised  from  the  press**!  into  housinj 

\ 

separate  rings,  executed  with,  high  accu  racy/precision  i r.  width  (on 

the  j r l • • r >:  ± 1 uch  valves  ire  applied  in  the  copying  ■achin* 

tools,  t.o  which  ire  presented  * he  high  requirement- s w it  h respect  to 
fid  el  it  y. 

Piyur  e 1 1 g a depicts  a similar  valve  of  the  servo  system  of  the 
machine  ‘ooi  wh  ose  hushing  consists  of  five  separate  rings,  two  of 
them  are  utilized  tor  th“  f orma  t ion/ed  uca  t i on  of  expeniitur-*  windows 
even  thr-'o  - for  central  and  the  extreme  sections  of  distributor.  The 

being  mated  faces  of  sections  are  worked  w i*  h the  holding  of  i x ia 1 
size/dimension  within  the  limits  of  the  porti on/f racti an  of 


microme xh*-*  hydraulic 


iagr am  of  hydraulic-copying  lathe 


wit  h .a 


Valve  is  m o v «-» <-i  at  Mr'  signals  of  master  form  1,  which  affects  the 
plunger  with  the  i i J of  probe  wiiici  sli  lea  cn  master  form,  nurini 

the  connect  ion/com  noun  1 of  the  upp-r  cavity  of  cy  li  n Mr  w wit;, 
gutter,  the  support  r>gether  with  cutter  is  Iriven  out  from  workpiece 
(billet),  wail?  luring  connect  i on/co.npoun<!  with  nr  '.sure  cavity,  i* 
approaches  it.  The  lea  is  causes  by  a difference  in  th>  effective 
areas  of  piston  in  fi.  upper  at.  1 low-n  cavities. 


Mechanism  of  perception  on  the  control  of  t he  force  of  load. 

In  ttie  diagrams  of  servomechanism  examined  above  operator, 
moving  control  handl  , i*  does  not  perceive  a nsw»r/ra spon se  irom  the 
side  of  < ctuating  mechanism.  However , in  a number  of  cases,  it  is 
required  to  ensure  the  perception  of  output/yiell  on  control  k nob. 
This  mechanism  is  required,  for  example,  in  the  system  of  control 
linkage  of  aircraft  or  automatic  machine,  where  during  control  it  is 
usually  desirable  to  utilize  an  instinctive  reaction  on  the  part  of 
pilot  cr  driver  ( i r particular  in  emergency  situations). 

For  * r.  i s purpose  the  control  linkage  must  be  supplemented  by  the 


special  device,  which  transmit!  part  o 


loa  1 strength  of  output/yiell 
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to  control  handle.  ri.is  device  is  called  the  mechanism  of  perception 


T:  i os  1 of  rontrol  k not  ran  be  created  hydraulically  and 

mechanical.  Figure  120a  show.:  the  ’iayram  of  the  1 oa  1 i n j o:  con*rol 
knob  of  mechanical  (1  •ver/crank)  method.  T a is  is  reach?!  by  the  tact 
that  inst°ad  of  1 i r act  (coaxial)  load  in  j to  the  stoc</rol 
hydraulic  cylinder  i*  is  applied  hero  on  cert  ain  arm,  thanks  + o which 
part  of  the  load,  proportional  *-0  the  relation  of  he 1 3 uis  i/c,  i* 
is  transferred  to  control  knob. 


It  is  not  difficult  to  see  that  in  this  case  the  system  acquii 
reversibility,  i.  , is  provided  the  transmission  of  ojrt  of  the 
force,  developed  wi  to  operator  on  control  knob,  to  dr  i v»n' know  r. 

node/unit  (out  put. /y  i- 1 1)  , and  vice  versa  it  is  provided  toe 
transmission  of  :art  lin  fractions  of  the  load,  which  acts  on 

output/yiell,  or.  control  knob. 


Force  on  control  rod  (inlet) 


J 
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Fig.  121.  Diagrams  of  the  redundancy  of  control. 

Key:  (1)  In  tank;  (2)  Basic  system;  (3)  Duplicating  system, 
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Fig  ui  e 120L  g i vo 
ot  hydraulic  action, 
su  p jj  1 e it1  o nt.  a l y a y i r a ul 
the  valv>-  of  1 con t re 
cocreni-or.  i i r j c a vi  ♦ i- 
is  loaded  by  the  fore 
load  in  per  for  min;  b\ 

Pore 1 on  son  t rol 


where  S = vd?/4  - th 

d- 

E merge  icy  t ydtauLic 


s t ho  diagram  of  the  mechanism  of  'he  perception 

Perception  her*  is  reached  with  ti  ? a i '<  of 

if;  cylinder  2 who.se  stock/ rod  is  connected  with 

il  , ar.d  its  cavity  is  connected  with  t he 
s o-  actuating  cylinder  1.  Thus,  :onf  rrl  ha  r.  i 1 - 
,,  proportional  tlio  pressure  d if  f a r=»n  * i al  (to 
j ut  te; r cylinder  1 . 


rod  (inlet) 


F = Sp  ° , 

b a * 


piston  clearance  of  load  cylinder  2 by  diameter 


circuit ... . 


fr  some  machines  is. 


lor  <-  x a r ' 1 ' , in  aircraft,  treguentlv 


appears  t he  r«-=*  .1  for  having  besides  r h e bar.  ic  power-supply  system  of 
performin')  hydraulic  ->  ng  i ne  for  th  execution  of  vital  functions  even 
duplicating  (ea  urgency)  , which  must  automatically  be  included  in  thc 
failure  of  the  basic  power-supply  system.  The  working  medium  of 
emergency  systom  usually  is  the  same  liquid,  as  basic;  however,  in 
some  systems  apply  others,  than  in  the  basic  system,  liquid  (for 
example  for  the  emergency  system  of  aircraft  hydraulics  is  utilized 
as  working  medium  fuel/propellant  or  compressed  gas). 


The  schematic  liagiam  of  this  (duplicating)  system  is 
represented  in  Fig.  121a.  To  that  until  is  included  (by  hard  or 

automatically)  emergency  valve  2,  actuating  cylinder  is  supplied 
through  basic  valve  j from  the  lasic  power  supply.  After  t hn  setting 
up  of  emergency  valve  2 at  the  position  of  power  supply  from 
emergency  source  (s^e  position  of  a)  the  small  piston  of  shuttle 
valve  1 (see  also  Fig.  90)  it.  will  move  to  the  right,  will  overlap 
the  channel  of  the  circuit  of  basic  power  supply  and  will  connect 

the  right  cavity  ot  actuating  cylinder  6 with  the  lino  of  emergency 
service . 


in  order  to  exclude  the  possibility  of  start  by  mistake  or  as  a 
result  of  the  malfunction  of  basic  valve  < to  the  potter  supply  of  *he 
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opposite  (left)  cavity  of  actuatit  j cylinder  with  the  connected 
emergency  service,  into  system  is  intro  iucod  the  hypass  vilve  through 
which  the  rod  (left)  cavity  ol  cylinder  6 is  connected  with  gutter. 
This  valve  is  the  hydraulic  Iock,  controlled  by  the  pressure  of 
emergency  sy stain.  During  tiio  supplying  of  tnis  pressure  under  the 
small  piston  of  4 valves  S,  it  st<  gs  down  and  ope n/d i sc  1 oses  t 
valve,  which  connects  the  lef*-  cavity  of  cylinder  b with  gutter. 


nor 
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For  the  same  purpose  is  applied  ♦he  dual  (tandem)  cylinders  each 
of  which  i supplied  iron  the  autonomous  hydraulic  syst  cm  Mirouqh  tne 

dual  valve  with  :o  ir  t.on/ >|en*‘  t a 1/ 1 ot  a 1 .tocK/rod  (F  i j . 121o)  . Input 

cotnpone  n t/li  r.k  (vilvo)  1 hydraulic  booster  is  connected  by  * he  system 
of  mechanical  tractio:  , low.  n.  and  cables  with  steering  control 
either  pilot's  pedals,  tut  exit  componcnt/link  (cylinder)  2 is 
connected  iirectly  or  through  the  power  wiring/run  wit  i aircraft 
control  surface.  Ir  exact  system  work  both  actuating  cylinders, 
developing  the  doubled  thrus*.  It.  the  case  of  output/yieli  in  a 
similar  two-chamber  hydraulic  Looster  frott.  system  of  one  of  the 
hydraulic  systems,  »h>  second  hydraulic  system  continues  ♦ o ac*, 

providing  work  with  tnat  lowered/re  d'iced  2 ♦imes  of  pow->r. 


kher:  out  put/y  i ->1  l is  the  housing  of  cylinder  (see  Fig.  12  1b), 
valves  they  are  placed  in  the  latter.  In  this  cas-1  is  pLividel  ♦ h» 

rigid  single  feedback  without  intermediate  com  ponent /I  i r.k  s . 

Two-stage  slide-valve  distributor  of  hydraulic  boosters. 

Wh'n  control  f >r  c j is  Mi*-'  signal  of  small  power,  into  hydraulic 
dr  ivo  i inserted  ♦h.  special  hydraulic  or  electrical  levies,  which 
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Two-stage  diit  r if  atoi  (Fig.  122i)  it  consists  of  vilv^  1 of 
fits*  stage,  to  stock/ rod  o f nh  ich  i 5 a pi  ied  t be  control  force,  a ad 
valve  2 of  seconl  s t ep/s*  aye  , v.  i r i.  t :ie  ii  1 of  which  r .h  -■>  liquid  is 
d istributod  by  the  cjv  it  l as  oi  per  f or  min  j hydraulic  : y 1 l n 1 >r.  Valve  1 
is  called  v.alv'-  pilo*,  val  ve  2 - ey  ♦)-.<->  basic  (main)  valve.  The 
«xcha  ng-»  of  basis  val  vo  2 is  u ili  ted  by  a working  fluid  a*  the 
signals  of  valve-;  i lot  1,  who  is  the  a g gre gate/unit , for  the 
displaremer.t/itov^nie  nt  of  plunger  >f  which  it  it  r*»  juire  1 
insignificant  (2-3  j)  force. 


Figure  122h  shows  the  diagram  of  the  hydraulic  booster  of 
control  system  with  dual  amplification.  Ball  governor  •:> , connected 
with  the  outpu4-  si  aft  it  the  controlled  machine,  affects  during  a 
change  m the  speed  it  this  shaft  to  plunger  2 of  auxiliary  (pilot) 
valve  of  first  sta  go  or  ir.tnnsif  ication,  which  controls  piston  1 of 
auxiliary  actuating  cylinder  1 of  second  step/stage  of 


mach  inf:. 
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The  1 iagram  of  tt*d  logous  syst  >»  ,»i,n  dual  am  pi  i f i c it  ion  is 
repte;wnr  c<1  in  Fij.  121.  The  plunger  of  s basic  1 j.st  r i o ut  i on  valve  is 
tound  i ot  the  lijuid,  applied  ly  the  booster  pump  throuqh 
condu it/ma nifold  1 into  the  right  cavity  d of  cylinder,  in  i uni  or  the? 

reduced  pi  ssure  of  p ^ ii  tfa<  left  cavity  b in*?  which  liquid 

I pec- 

enters  t l .in  coiului  t/;n  i ni  fol -i  1 through  th  rott  lo/ch  oka  1 (cavi*  y c of 
this  cylinder  is  jonri'-c*  >j  wit)  tank).  Since  the  area  of  plunjcr  is 
less  that  the  area  of  plunder  S , latter  under  t h»  off net  of  pressure 
of  liquid  is  wrung  out  to  starboard,  op  Jn/ i isc  1 osin  j in  ti is  case  the 
passa  re  of  liquil  fro-  working  main  lit  • 4 into  the  rigut  cavi*y  ot 
actuating  cylinder*^. 

In  the  axial  o pen ing/a per t ure  of  plunger  S,  enters  the  pi unger 
of  (,  auxiliary  valve,  with  extraction  of  which  to  the  laft  left 
cavity  b of  tie  cylinder  ol  the  basic  valve  is  connected  through 
channels  a ana  e in  plunger  r>  with  drain  line.  Since  th?  supply  of 
liquid  into  the  l?tt  cavity  b is  conducted  through  t hr ott le/ch oke  1, 
pressure  ir  this  cavity  depends  on  the  position  of  plunjer  t..  From 
diagram  it  follows  that  during  the  displacement  of  tne  litter  to  the 
left  pi  ur  Jr,r  S unfor  the  eff  re*  of  pressure  of  liquid  on  small  niston 
with  a diameter  of  1 will  mov«  also  to  the  left,  after  connecting  in 
this  case  the  left  cavity  or  actuating  cyl infer  2 wiVi  working  main 
line,  with  tie  cessation  of  plunger  t>,  plunger  of  r>  basic  valve. 
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moving,  will  overlap  channels  a,  in  consequence  ot  which  the  pressure 
o f the  liquiil,  which  (Mitel  th*  left  cavitv  of  cylinder  h or  the 
valve  throujh  t h l ot  tl  e/choke  1,  will  b(  raised  to  t.he  value,  canable 
of  balanri  r -j  ;<i  ess  a re  on  spall  ;i  * on,  whereupon  the  motion  of 
plunder  s will  cMse  itself. 


Tie  1 isplacemert  of  the  plungei  ot  f>  auxiliary  valve  is 
accompanied  to  thv  riiht  by  the  overlap  of  channels  a , as  a result  of 
which  pies  sure  in  »ne  left  cuviry  ot  cylinder  b will  be  raised  and 
will  oovf  plunjcL  '>  t)  the  rioht.  Const  juer.tly,  the  plunger  of  5 
distril  u«  i on  va  1 v?  will  repeat  thi  motions  of  the  plunger  of  h 
auxiliary  v a 1 vo» 

r 1 i o 1. 1 1 e /c  h o k e 1 besides  i*s  fasic  desijnation/purpose  (creation 
the  pressure  dj  ff  eron*  ials  in  the  cavity  of  cylinder  b of 
(list!  ituti  on  valv->)  serves  also  as  the  tamper,  which  pcDVjrt^  the 
fluctuatior  i of  plunjer  r>. 


Page  17  1. 
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f ron  ca  vi 

w he  i e p - 

of  small 

piston ; 

cy  1 i nd  e r 
> 

sect!  or.  a 1 

» 

(1  ia  me  ter 
It  i 


7*t 

equilibrium  condition  of  the  static  forces,  which  act  or. 

, can  he  presented  in  the  form  (pressure  in  Irainaqp  line 

ty  c we  iisr^jari) 

Pi  l — Pptdf  s, 

the  pressure  of  liquid  ir.  the  rijnt  cavity  of  the  cylir.dei 
piston;  : j = *;?/'•  - tne  effective  sectional  area  of  small 

Z>  ^ are  t ne  reduced  pressure  in  the  left  cavity  of  the 

^ C ndl  — d] 

of  the  basic  valve;  U = — — — the  effective 

trod-  of  tie  left  erd/fac  ■ of  olunqer  5;  her?  ci  - the 

' P 

of  the  plunder  or  6 auxiliary  valve. 

s obvious  th  a r with  iz  > £t  the  equality  of  the  forces. 


which  uct  on  plunger 


will  Leijin  under  condition 
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With  pPri>P  ~r 


plunger  5 will  be  moved  to  the  right,  while 


with  pptd  < 


p j-  — to  t.  ho  left. 

I 


The  list  lacesne  nt /movement  of  plunger  5 both  ir  that  * n-i  in 
anothei  case  will  continue  until  t :ie  reduced  pressure  into  cavity  b, 
which  is  changed  luring  +n>-  iisj  La  rement  of  plunger,  caused  by  the 
displacement  or  tho  plunger  oi  b auxiliary  valve,  achieves  * he  value 
at  which  will  be  estab  1 ish/ ins  t.a  1 1-;  d tho  equality 


Pptd  — P • 


The  minimum  diameter  or  plunger  6 auxiliary  (pilot)  valv-5  of 
cL  is  selected  lej  sndinq  on  the  technological  possibilities  of  its 

P) 

production.  Virtually  it  is  usually  equal  to  2 - 1 mm.  For  decrease  the 
silt,  of  friction  of  the  plunger  of  t auxiliary  valve  the  power  supply 
of  the  system  of  its  control  usually  is  realized  from  auxiliary  power 

device  with  low  pressure  (1-5  kgf/cir’)  . 


DOC 


77  1 r .noi> 


PAGE 


7o3 


Follower  wit!  ths  t n ::  k i n •)  bushin  | of  s-rvo-v  jl»n. 

In  m«riy  instances  aro  applied  '•.he  diagrams  in  whim  output/yieli 
connect  through  fo»  lhack  not  with  ♦he  plur.  jor  of  distributor,  bu» 
with  i*s  bushing,  by  1 i ~p la  cement  of  which  through  feedback  rnl.itivp 
to  plunder  is  removed  tno  introduced  during  control 
disa  jfe  mo  nt/mismat  ch. 

Figure  124a  lepicts  the  diagram  of  this  follower  of  the 
two-stay  iyp  , vjlv..  2 of  firs’-  staje  of  intensification  of 
which  (r.e  r v o- v a ] va ) is  controlled  with  t tie  iii  of  *wo 
e 1 ect romocha nica 1 convertors  1 « nd  4.  Feedback  in  this  mechanism  is 
realized  through  rocker  arm  <S,  upper  or.  1 of  which  is  connected  with 
floating  huh  1 servo- valve  (by  inlet)  and  butt  en  1 - with  the  plunger 
of  f.  basic  valve  (t>v  output/yield).  Hushing  3 servo-valve  by  the 
pressure  of  the  p of  the  lorced  liquid,  applied  into  ♦he  chamber, 
constantly  is  adjust  ? to  upper  end  of  lever  S , duplicating  the 
the  latter. 


motions  of 


DOC 


77  1 r,0  109 


->  a g 


7e>? 

Let  ii;;  -is3Mj  - lin  t the  [9  uli'jer  of  valve  2 with  the  lid  of  left 
converter  1 > displic-i  frcm  free-  poji*  ion  to  starboard  to  the 

size/ dimcns ion,  which  exceeds  overlap.  In  this  case  the  end-typ® 
chamber  .1  of  basic  plunder  6 will  bo  connectei  through  -he  iiscoverei 
slot,  ot  the  window  or  servo-valve  with  Irani  channel,  is  a result  the 
plunger  of  6 basic  valve  under  the  effect  of  pressure  of  the  p>  of 
liguid  or.  chamfer  h will  be  displaced  toward  left  side,  aftor 
connect  in  j in  this  cise  with  pressure  channel  the  appropriate  cavity 

of  hydr  iulic  engine,  since  floating  hub  3 is  connected  by  the  force 
of  the  pressure  of  liguid  with  lever  S , connected  with  plunder  b,  the 
displ  lcement  of  the  latter  to  the  left  will  caus^  the  displacement  of 
bushing  3 to  the  rijhr,  i.e.,  lushing  will  follow  plunger  2. 


DOC 


77 1 r>0 1 09 


’’  A<;  i 


7ot> 

In  su  ot  ii  case,  when  the  displacemont/novemerit  ot  plunger  2 ceases 
itself,  the  incomin  j bushing  will  overlap  the  window  of  tho  power 
supply  of  chamber  i,  after  f. ixina  plunger  o. 

During  the  displacement  oi  plunger,  2 : or  vo-valvc  f o lei*:  site 
process  flow /lasts  in  the  backward  sequent-*-' : cha#  her  1 will  b*' 
connected  with  the  forcing  main  line,  and  * h-*  plunger  ot  h basic 
(listr  ibut  n will  nov-  as  a result  of  a dif  tec  ence  in  rf.  effective 
areas  of  i*  s left  and  right  sides  t o ih  > right,  chanting  o v^r  the 
power  supply  of  hydraulic  engine  ar.d  simultaneously  iisplacing 
through  lrvei  g bushing  3 to  the  left. 

Hydraulic  boosters  with  t w0  power  supplier;. 

Is  of  practical  interest  f l,n  diagram  of  hydraulic  boos*er  with 
flowing  (negative  ovorLap)  val  ve  and  power  supply  from  two 
independent  sources  (pumps)  with  the  constant  tee  1 o,  = - const 

(Fig.  12hb).  The  contr  > 1 1 ed  t i.uott  1 e/c hokes  in  *fp  form  of  *ht  *3dges 
ot  plunger  2 are  included  in  this  Iiaarum  in  parallel  to  hydraulic 
engine  (cylinder)  1.  I :i  the  mid-position  of  plunger  2 with  th“ 
symmetrical  location  o:  t-ht  windows  of  pressure  in  the  right  (p2)  and 
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loft,  (p,)  cavities  or  cylinder  1 tre  equal  to  (pt  p?)  an  1 its 
piston  is  found  in  r-*:;*.  li  this  ct.:“,  the  lijuid  in  volume  9,  ♦ 
which  enters  t r oat  oow-r  supplies  * hrough  windows  wi*h  ♦ he  initial 
discovory/oponing  xQ,  is  directed  tQ  tor  tmk.  During  the 
displacement  of  plunder  (luring  tj-.n  supplying  of  signal)  of 
mid-position  one  jf  tv>  pass  t i<  o;  < n Logs  will  increase,  and  * ho 
second  decreases,  as  .»  result  the  equilibrium  of  system  will  be 
destroyed  ( p j -=/z  p2)  . Tn  til.,  case,  par*-  of  the  fl  ui  1 flow  ra*o 

from  cr.e  of  tho  sources  (trow  the  ,ide  of  *.:ie  reduced  expend  i*  ure 
window)  will  erttar  th  - cylinder  whost  { iston  will  orriv-*  to  no*  ion. 
The  direction  and  the  speed  of  motion  are  ietermined  by  sign  ini  the 
displacement  of  * i plunger  of  2 valves.  During  the  iisplacemen*  of 


plunger  2, 

for  example. 

to  lor  t sid  e 

to  size/ i imension. 

tie  o ] 

u a 1 o 

exceo 1 ing 

initial  clearance  x0,  feed 

e 2 the  right  power 

supply 

will 

entr?r  the 

rig.it  cavity 

o*  actuating  c 

:ylindor  1,  and  fee 

} *>  ♦*  i, 

0 1 

second  source  will  -jnf»*r  the  *<ink.  This  position  of  plunger 
corresponds  -o  th-»  rraximum  speed  of  the  piston  stroke  of  ac*  ta  tit  g 
cylinler  to  left  si)~  v = 0Z/F  and  maximum  to  the  Jevelopei  with  i *- 
force  P = p2F,  «:nr  » F correspond  ♦!.  ■»  effective  area  of  cylinder.  Trie 
flow  tat'  of  -nr  recon  i power  supply  is  iirected  * o for  tank  with  tho 
pressure,  •'>qu  il  drainage. 

The  hydraulic  boosters  of  this  diagram  liffer  in  » 'ns  of  high 
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w h i c h i r.  t 

plunder)  i 

the  h y ii  r a u 
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y ; however,  require  the  a pplica tion/use  of  two  independent 
lies,  jn  i also  they  have  the  larqe  overflows  of  liquids, 
he  mid-  posi  t i on  of  valve  (lutinj  the  zero  bias  of  i*s 
re  equal  *o  ♦’he  total  feed  of  both  pumps.  In  view  of  this 
lie  booster  of  this  diagram  is  applied  only  in  small 


powe  rs. 


nozzle"  - shutter/v  iUf>. 
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Hydraulic  roosters  of  the.  * ype  "no/.:'.!*1  "-  shut* or/val ve. 


In  h.tvo  systf.i  especially  in  autoBiatic  control  systems,  are 
used  extensively  cho<e  hydraulic  boosters  of  the  t y pe"  nozzle"  - 
shutt  er /va  1 v o.  Th-*y  i r > applied  in  essence  in  elec*rohy ira ulic 

two-stage  systems  as  first  stage  of  the  intensification  of  input 
signal  and  thinner  - tm  an  immediate  effect  for  the  controlled 

ob  jec  t ivo  . 


The  mechanism  of  amplifier  nozzle  - sn ut ter/v alve  is  the 
hydraulic  pot  cn  t i o r ? t ■ ■ - , wh  ich  consists  of  t w o hydraulic  resistance 
(Fig.  120a),  from  which  resistance  1 is  constant  and  resistance  2 
adjusted  ii  value.  Cavity  (chamber)  between  throttle/choice s with 
pressure  p is  connect^)  with  hydraulic  engine. 


Figure  121  depicts  the  circuit  of  this  amplifier,  used  for  a 
control  of  the  actuating  cylinder  of  one-sided  action.  Amplifier 
consists  of  nozzle  a and  ♦),->  powerful  to  pe  moved  relative  to  it 
shutt  er/val  v^  (platis)  2,  * he  a lternat  ing/ variable  slot  y between 
which  is  the  adjust  idle  thtott.  1 e/choke. 
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The  t.  hrott  ls/chok  » of  1 fixed  resistor  i carriai  out  in  the 
focii  ol  washer  with  o peni  ng/u  p»  - r t ur  *-*.  By  moans  of  th°  nfi*i  on  of 
movdD  !<•  shuttec/v  live  2 it  is  gossible  *-o  change  distance  y between 
the  nozzle  and  tha  .shu  ♦ t er/ val  vr  (to  overlap  the  outlet  of  r.ozzle  a), 
rejulatirg  th-reby  flail  flow  rate  fro  a-  the  in  forth  rot  tie  chamber  1, 
Connected  duct  as-’  m ckir.inct  y of  pressure  in  chamber  b higher 

than  the  value,  i?t  <ririne}  hy  compress  ion  of  spring  anl  by  + he 
external  load  of  the  cck/rod  of  hydraulic  ongine  3,  tha  latter  will 
be  mowed,  compressing  spring.  During  a lecompression,  the  spring  will 
i°turn  1 1."  cist  on  of  hydriulic  engine  < a * starting  position. 

Sh  utt  or/Vi  lve  if  Cart  --nee  or.  Mr  t ire,  turned  lever  with  sufficiently 
large  aim,  that  x a t ~ it  •osr-i  1.  lo  t o cons  id  er  its 

disp  i acoier.t /mov'-mert  r relative  to  no/?  1<?  f cr  wa  rd/prog  r ess  i vo  f and 
the  slot  between  tnom  - parallel. 

Page  1? u. 

Th  ‘ r-xpeni  it ur  e/cons umpti or  of  QH,  appliel  to  tfia 
throt  t le/chok-»  of  1 fixe?  resistor,  is  divided  into  two  flows  of  Qa 


and  <?., 


relative  values  of  whicl  depend  on  the  resistance  of  the 
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adjustable  t hrot  t 1 e/ch  >k*  , let  l ir  i 1 by  t he  position  of 
slmtt-u/vi  1 v»  2 relative  t c nozzle  edges  a (from  the  iroi  of  slot, 
nozzle  - si  at  ter/va  lv  ) , the  flow  of  Qd  entering  part  oriing 
hydraulic:  engine  (cylinder)  1 an  1 * he  flow  of  the  q tarough  the 
adjustade  throttle/choke  to  gutter. 


Tie  leper  1 cnee  of  pressure  p in  1 1 ->  inter  throttle  chamber  b (and 
respectively  in  hylraulic  engin  3)  free  the  resistance  at  t ha 
ad  juste  b 1 • throtr  lo/ch  ok  ?,  .»«-•  r v •.  s a.;  ‘ h°  power  characteristic  of  the 
hydraulic  potentiometer  in  question. 

In  throtr  le/chok'  nozzle  - shutter/valve  th«  flow  of  liquid  and 
hydraulic  resistance  in  essence  are  caused  ry  the  same  physical 
phenomena,  as  are  caused  by  sudder  flow  e k pan si on  after  its 
contraction  in  end-type  slot  and  by  sharp  i nc i deuce/ 1 r op  the  speeds 
of  liquid  in  the  zona  of  letachel  flow.  This  flow  expansion  is 
accompanied  by  intense  vortex  formation  and  braking  .o  y liquid  in  the 
chamber  at  output/yield  from  the  slot  which  car,  be  assume/taken 
practically  motionless. 

With  the  coalition  of  the  QA  = o of  loss  of  pressure  on 
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thrott  ln/chok.-;  it  is  possible  to  present  (pressure  of  the  pct  of 
gutter  wo  disroqtr  1)  : 


\p  = pH  — p —Si—.  - for  uncontrolled  * hrottlo/choke  1; 

°dB 

_ _SC__ - for  i il  justablr*  sh at ter/val vo  2, 


where  tJiD  Gdp  = udpAdn  |/ Ji  is  hydraulic  conductivity  of  uncontrolled 

throt tle/choko  1;  Gc  = \icAc  - the  hydraulic  conductivity  of 

.2 

valve  2;  Adp  = and  ^ = ndf(/  - f he  sectional  area  of 

thLottle/rhoke  1 in  1 of  valve  2; 


here  Par  and  Uc  - the  coefficients  of  the  expenditura/consunption 
of  throttle/choke  1 and  of  shu* t er/val vc  2;  y - distance  (width  of 
si  or.)  f - *-  weer;  r.  ho  r.  o z /.  L • edge  ar.  d the  shut,  ter /valve. 


Por  the  fiisplac:  ■ t »r.t /a  overaent  or  shut  ter/valve,  are  required 
negligibly  t he  sn.  a 1 1 effort/forces,  which  can  Le  create  i by  the 
setting  1 • vice  of  insignificant  po w**r  - by  call  governor,  by 
low-power  ? l«ct  roaiu  jn- 1,  the  pressure  s°n?ors  and  temperatures  and 
etc.  The:;',  nmnlifiars  a L low/assurae  with  *;hc‘  slow  'peels  of 
shut t er/v a 1 ve  to  50  inclusions  per  second. 
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The  mechanism  >f  r h e act  i or  of  ar.  implifier  of  this  type  let  us 
exdi  in'-  in  an  <-xa.n[  U >f  its  a ppl  ica  t i on/use  i:  th1  autonific  control 
system  of  the  speed  or  tuibin-,  rea li zo/a ccompl i sh3 d with  the 

aid  of  rotary  steam  valve  1 (hi  j.  1 26a)  . during  t h>  supplying  of 
liquid  unl“  r c-rtur  *o ns taut  pieosurr  p0  - corist  on  the  entn  rce  of 
the  first  resistance  (uncontrolled  throttle/choke)  6 * = car  obtain  by 

changing  the  position  of  sh  ut  t ei/v.i  lv*-  1 r-iativ?  t.o  nozzles  2 
variable  pressure  p in  the  chamber  b 'fore  nozzle  2,  connected  with 

performing  hydraulic  cylinder  7.  V.iMi  an  increase  in  the  frequency  of 
the  rotation  of  th  adjustable  object,  t h~  governor  balls  4 diverge, 
moving  dv  moans  of  clutch  5 shutter/valve  J to  tn3  sid3  of  the 
overlap  of  nozzle  hoi  . In  this  case,  the  pressure  in  tr.e 
inter  thrott  le  chamber  is  raised,  an  1 hydraulic  cylinder  7 control  of 
steam  valvr  e(1se  pair. 

For  an  increise  in  the  stability  in  transient  conditions  the 

examined  droit  rh-7  supply  with  the  supplementary  tuxiliary 
hydraulic  cylinder  of  1 pressure  feedback  (Fig.  126b)  . rh<=> 
sprin  j-oppo.sed  piston  ml  of  this  cylinier  is  connect?  1 with  the 
second  (upper)  •:  :t  1 of  sh  nt  ♦•er/ val  v“  4 which,  as  in  the 
preceding/previous  circuit,  is  controlled  by  the  ball  govarnor. 
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7.  nmn  oi  il'ii.l  flow  to  oh'itt  or/val  v«- 


).  Fvicu-i  tioii/rarofaction.  (2).  Pressure 

l 1 1 

PospeMewie  JZaS/ieme 
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Since  upper  en,i  of  sh  ut  ♦ er/ val  v>  4 is  connected  with  the  3 tocic/rod  of 
hydraulic  cylinder  1,  it  ldditionally  is  controllel  alio  by  the 
piston  of  tniu  cylir.ler. 

Fro;.:  liajram  i 4 f ol  lows  *hat  any  change  ir.  the  position  of 
shutt or/valve  4 will  ci use  pressure  chanje  in  the  intar  tti  rot  tl  e 

chamber  a.  Since  this  chamber  is  connected  with  t he  left  cavity  of 
hydraulic  cylinder  1,  this  pressure  increase  will  cause  the 
displacement  of  piston  and,  consequently,  ilso  the  lisplacement  of 
upper  end  of  the  sh  at  t e r/va  1 ve  4 relative  to  axle /axes  2 its 
rotations,  is  a result  the  bu* t end  of  the  shutter/valve  will  be 

moved  at  starting  position  with  respect  to  nozzle.  The  characteristic 
of  amplifier,  influence  some  design  parameters,  in  particular  the 
width  of  r.ozzl-*  olge.  With  a known  increase  in  this  width  (with  an 
increase  in  the  relation  of  the  dH'dc,  , where  the  dH  and  d are 
the  outer  diameter  of  the  end/face  of  nozzle  and  the  inner  diameter 
of  opening/aperture  cap/filling)  is  observed  the 

disturbance/breakdown  of  the  stability  of  t ue  power  reaction  of  flow 
to  shutter/valve,  especially  with  small  end-type  clearances.  Under 
some  conditions,  which  lep<  nd  oi  th<  mode/condi tions  of  discharge,  in 
clearance  (slot)  netwoen  the  nozzl  edge  arid  t.lie  shutter /v alvu  is 
formed  the  rarefaction  zone.  From  Fig.  127  in  which  is  r e un*:e  r.  ted 
the  diagram  of  trie  pressure  of  flow  to  shu*  ter/valve  (curve  b)  it  is 
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that  the 

1 itt  .'i  in  rei 

•-fact  ion 

zor.' 

a will 

Le 

located  lower 

pressure 

i Ii  t.  h e f 1 OOd  . • 

d medium 

(is 

c u i ve 

i)  . 

into  which 

he  1 l qur  i 

l from  nozzle. 

that  it 

ca  n 

lead 

to  a 

sign  change  of 

the  effort/forco  o?  the  reaction  or  fluid  flow  to  shutter /valve  which 
in  this  case  will  act  ir.  the  direction  of  a decrease  in  the  clearance 
bet  veer  t u - >zzla  < 1 . md  tin  shutt  r/valve.  with  * i i - nozzlt  < Ig  , 

is  disxuptt  1 also  is  a result  ci  * he  effect  of  viscosity  change  the 
stability  of  ♦ he  escape  of  liquid. 


For  a decrease  ir.  the  effect  of  the  pressure  of  liquid  on  *-he 
surface  of  shutter /valve,  and  the  also  for  the  stabilization  of  this 
effect  luring  the  d isp  lacement/movement  s of  sh  ut* a-r/val  va  (during 
change  y)  one  should  decrease  the  width  of  the  s =■  — dc  of  nozzle 

edge.  This  re gui ra men t is  dictated  oy  the  tendency  to  decrease  the 
viscosity  effect  of  Liquid  on  systeoi  performance.  With  narrow  edges 
to  nozzle  it  is  possihle  *.o  use  the  laws  of  flow  of  liquid  through 
the  open ing/apert uro  in  fine/thin  wall,  of  practically  the  width  of 
the  s - — dc  of  the  cage  of  nozzle  edge  must  be  less  than  the 
mini  in  u in  clearance  y :r  " w.>en  the  nozzle  elg^  and  the  sh  ut.  te  r/va  1 ve  of 
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On  the  other  hand,  the  maximum  clearance  of  must  be  less  than 

the  dJS,  where  the  dc  - the  diameter  of  op£ning/ap?rt  u re  and  aaaa 
is  a outside  diamator  at  nozzle.  Practically  the  diameter  of  outer 
circumference  of  the  e Ige  of  nozzle  is  equal  dH  — (1,2-e  1,5)  clc,  the 
diamettt  of  sh  utt. e r/ v \ 1 ve  is  equal  (3  — 4)  <ic. 

For  a control  of  the  actuating  cylinder  of  bilateral  effect,  is 
applied  «■  he  diagram  with  two  nozzles  (see  Fij.  125b)  in  which  is 

reached  the  consiierable  discharging  of  sh utter/val ve  from  the 
statically  unbalanced  lynamic  pressure  forces  of  liquid  jets.  In  this 

case  the  unbalanced  <*r  fort/f  or  ces  on  shutter/valve  will  appear  only 
with  the  jump/drop  in  th<  nozzle  pressures,  caused  by  the 
displacement/movement  of  shutter/valve. 

This  device  (hydraulic  bridge)  it  consists  of  two  hydraulic 
potentiometers  with  tour  hydraulic  resistance  two  of  which  constants 
and  two  - variables.  The  hydraulic  conductivity  of  both  adjustable 
throttle/chokes  nozzle  - sh utt et /valve  changes  simultaneously  during 
the  displacement  of  s:i  utter/valve  from  its  tree  position:  during  the 
displacement  of  shutter/valve,  the  to  the  left  hydraulic  conductivity 
of  the  Jef*  slot  of  throttle/choke  decreases  and  pressure  p,  in  the 


inter  throt  * It 


chamber  increases 


s i mu  1 * an  eo  us  ly 


he  conductivity  of 
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the  right  slot  ot  thru  1 1 1 e/choke  incredsos,  <i  n *1  pressure  p2 
decreases.  Thus,  is  created  *h<  pressure  differential  Ap  - p,  - p2, 
the  greater,  the  greater  the  displacement,  of  shutt.er/va  lve  from  its 
free  position. 

In  accordance  with  ’i.is,  is  represent'd  possible  to  ensure  the 
disp  1 acement / movement  of  the  piston  of  th<>  actuating  cylinder, 
controllei  by  this  device,  the  practically  directly  proportional  to 
the  displacement  of  sh utt er/va 1 ve. 


Two-stage  amplifiers. 


For  an  increase  in  t lie  sensitivity  of  amplifier  and  provision 
simultaneously  for  an  increase  in  “he  power  of  output  signal,  are 
applied  the  two-stage  devices,  oy  first  stage  of  intensification  of 
which  is  usually  the  amplifier  of  *he  type"  nozzle"  - shut  ter/ val ve 
and  the  second,  i.^.,  valve.  The  schematic  diagram  of  this  device  is 
shown  in  Fig.  128.  The  interthrottle  chamber  a of  this  diagram  is 
connected  with  tno  right  cavity  oi  the  basic:  distribution  valve 
plunger  2 which  ii  located  an  < g u i librium  under  the  action  of  the 
effort/force  of  spring  4 and  of  the  pressure  of  liquid  on  this 
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chamber.  1.  i juid  constantly  will  br  tea  into  the  rod  cavity  L of  the 

actuating  cylinder  whose  piston  w i v 1.  the  simultaneous  supply  ot 
liquid  into  opposite  cavity  is  moved  as  a result  or  a difference  in 
the  piston  clearances  to  the  left,  and  durinj  the  connacti on/compound 
of  this  cavity  wi-ri  tark  - to  starboard. 


A 


DOC  = 77  1 h ) 1 O')  P A ( ; K ^ r\^ 

Fig.  12').  sorvo  systoao  wiri.  two-s»aje  li.'*-! 
nozzle"  - sii  ut ,t  r?r/ v <il  v & ii  : :.'i  t-ssur  »»  £•  odLac. 


Key:  (1)  • F ntcance.  (2)  . Outpu+/yiel  1. 
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Fi  jut  <.•  129  amplifier  shows  in  t h •-  £re*>  position  in  which  ♦ h*. 

right  cavity  of  cylinder  1 is  overlapped.  During  the  i ispl  acement  of 

sh  utt  er/va  1 ve,  1 -*  i ui  i i hi  i urn  of  forces,  whicn  act  on  the  plunger  of  2 

valves,  will  t“  destroyed,  arm  it,  n°i  i.  | displaced  to  rhe  appropriate 

side,  it-  will  connect  the  right  cavity  of  actuatinj  cylinder  i either 

with  the  cavity  oi  supply  (pressure  of  f> , ) • or  with  tank.  Because 

K 

of  the  fact  + hat  r f > ef  t orf/t  o rce , created  a pressure  of  liquid  or. 
the  plunger  of  2 valves,  is  balanced  1 y spring  u,  the 
displaceffiant/iHO venent  of  distribution  v-ilv*~  will  be  proportional 
disp laceraent/movement  the  proportionality  or  fluid  flow  rate  through 
the  valve  and  the  d ispl  .icemen  t/mo  v^me  nts  of  sh  utter/vi  1 ve . 
Consequently,  in  this  case  occurs  pressure  feedback. 

The  schematic  of  t no  application/use  of  th  is  distributor  in 
servo  system  is  given  in  Fig.  129a.  The  plunger  of  valve  2 in  «-his 
schematic  is  located  in  equilibrium  under  the  action  if  t n » 
effort/force  of  sprir.j  1 and  of  th«  pressure  ol  liquid  or  chamber  a, 
which  is  connected  with  fees  line  -brough  tnr  ot  tle/ch  ok  -■  d and  with 
gutter.  - through  boring  b in  piston  rod.  The  resistance  of  * he 
last/latter  channel  and,  consequently,  ilso  pressure  in  chamber  a can 

be  changed  with  the  displacement  of  sh utte r/va 1 ve  5;  in  tnis  case  as 
a result  of  the  disequilibrium  of  dio  tensile  stresses  of  spring  and 
pressure  of  liquid,  the  plunger  of  slid-*  vaivo  will  follow  th^ 
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sh  u 1 1 er /va  1 »p.  F;>c  an  increase  in 
chamber  a usually  i « i^duc  l « i - h 
or  by  meins  of  +(i  * supply  o f this 
in  particular,  from  irain  line. 


t he  snnsi  ti  vi  t y , the  pressure  in 
-he  aid  of  valve  4 to  2- i kgf/cr* 
charter  from  separate  source  and. 


The  variety  ol  -he  list/lat.tcr  schematic  is  the  schematic, 
presented  in  fig.  1271  (sei  ilso  F r;.  123)  , in  which  the  throttle 

nlate , cm  i-  1 on-  in  the  form  of  conical  needle,  is 

estaLlishod/insta  L 1 cd  or,  the  entrance  into  chamber  a.  rne  diameter  of 
‘■he  iockinj  part  of  -ae  needle  usually  does  not  exceed  the  frictions 
of  millimeter.  In  the  last/latt°r  schematic  is  repr  'sjnta  1 possible 
to  practically  remove  the  ic‘ion  or.  the  shutter/valve  (nee  lie)  of  the 
unbalanced  forces  of  -he  pressure  ot  liquid,  thanks  to  which  for  its 
displacer,  ant/mo  vs  men*  in  the  absence  of  gaskets  -hey  arc  required 
negligibly  small  effort/forces  - the  order  of  several  jrams. 


The  minimum  diameter  of  the  nozzle  hole  of  the  first 
casca  de/st  age  of  intensification  frequently  is  led  to  0.1-0.  1h  mm.  in 

this  case,  the  clearance  between  the  nozzle  an  ) - he  shutter/valve  by 
operating  position  usually  does  not  exceed  U.02‘3  mm.  Ti?  diam^*«i  0f 
♦he  aaaaa  of  the  openi ng/a pert nre  of  the  uncontrolle)  throttle/choke 
usually  2 tim«->s  is  more  tne  diameter  of  th?  a laa  of  nozzl“  hole. 
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Power  tiff  act  of  jit  on  ah ut ter /val v o. 

During  calculations  of  the  araplif  iers  of  systems  in  question 
frequently  is  of  interest  tnt  effect  on  the  shutter/val ve  of  liquid 
■jet  whose  value  in  i number  of  cases  can  turn  out  to  he  that 
comme  nsur  a b 1-  wit.  » tne  e f fort/iorce  , developed  with  t t»e  ce  11/e  lenient , 
governin']  the  <1  i an  lac'mont/.novemen  t of  sh  uttor/va  1 vo. 

Specifically,  this  -fleet  can  destroy  the  balance  of  * he  forces, 
which  act  on  the  ac  mat  ire  of  governing  e q , ,r  t r cnee  ha  ni  c a 1 convertor 
and  consequently,  it  can  destroy  control  of  the  servo  hydraulic 
dr i ve. 
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The  hydraulic  reaction  of  the  jot,  which  "scape/ensues  of  nozzle,  can 
also  cause  appearance  in  the  e lect r oh yd ra ul ic  amplifier  of  negative 

f eedhac k . 

The  power  effect-  jf  j,-t  on  slide  depends  on  the  mode/con  1 it  ions 
of  the  escape  of  1 i juid  from  nozzle  and  the  design  features  of  pair 
nozzle  - sh u-ter/vulve. 


During  small  discovery/openings  of  the  aozzl  > of 
which  corr«spona  to  operating  conditions,  occurs  nonseparable  flow 
conditions,  which  is  characterized  by  the  fact  that  the  flow  fills 
entire  clearance  (Fig-  110)  and  liquid  flows  between  - h ->  nozzle-exit 
plane  and  the  shutt er/va lve  as  in  flat/plane  capillary  clearance. 
During  the  rotation  of  flow  into  this  clearance  ini  the  flow  about 
the  right  angle  with  unrounded  edges,  appears  the  local  se  pa  r i " ion  of 
flow  and  the  range  of  turbulence  k;  nowever,  further  flow  is  axpand^d 
and  acquires  the  thickness,  equal  to  distance  y between  the  nozzle 
edge  and  the  shutter/valve. 


with  an  increase  is 
(Fig.  1 30c)  non  sap  a ra  b le 


discovery/ope n i n j 
mode/cond i t j_ons  t 


r an  s f er /conv  er ts 


of  nozzle 
t o 
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separating,  thit  i s characterized  by  the  fact  that  in  jet  if  ter  the 
passage  of  the  edge  of  nozzle  is  esti b 1 ish/instal led  the  pressure. 


eg  ua 1 t 0 a robien t 

p i ess  ure . Liquid 

i n 

this  c as  e 

is  not  contacted  wit  < 

t he  plane  of  t n e 

..  i g-j  or  nozzle,  i 

it 

b e i n i h i t 

against  sn utt er/va 1 ve 

it  spreads  on  it 

in  i i 1 i a 1 d ii  ect ; 

L Oil 

s , in  v i e w 

of  which  i further 

increase  ir  gap  y t y expenditure/consumption  in  practice  does  not 
influence  - the  ex  pen! i tu re/consum ptior  in  this  case  1S  } » term ined  by 
the  section  of  th ? outlet  of  nozzle. 

Experience  shows  that  the  shutter /valve  effectively  throttles 
under  condition 


y< 


4 

5 


in  view  of  which  th-  maximum  course  of  shutter/valve  usually  they 
limit  by  value 


y = 


<k 

5 ' 
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During  the 
e£f or t/f or ce  on 
by  mango  in  the 


nan  separable 
shu  t + ■'  r/ v live 
in  o me  n t u in  o £ 


flow  of  1 i qu  i -1 
is  created  by 


° £ (y  < 0,254) 
the  flow  tni.:’? 


Pt  — i)Qi , 


and  by  force  P 
sh  utter /vi 1 ve , 


or  the  static  pressure  of  liquid  on  the  ireu 
equal  to  the  area  of  "ho  external  section  of 


the 

, caused 


of 

nozzle 


ed  ge 
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Fiq . 1 i 1 . Dependence  of  the  coc t f ir iont  of  the 

ex  pen  di  t ur e/con sum  pti  on  ot  a t hrot t le/ehoko  of  thJ  type"  nozzle" 
sh utter/ va 1 vo  on  Re. 
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uy  disregarding  a |irt*ssure  drop  it  range  k,  and  also  by  t bp 
turbulence  of  1 low  an i by  pres sur°  in  overflow  chamber,  wa  will 
obtain  ti  e e f f ort  / f ore?  oi  the  .■>+  a*  ic  pressure  of  liquid  on 
shutter/valve 


n (di  — d;) 


Pep  — 4 l^ePc  -h  (d~»  — di)pc, 


when  the  dH  and  & - extcri  al  ind  nozzle  bore;  pt  - pressure 

before  the  nozzle  (in  the  i nter'diror  1 1 e chamber)  ; Pep  are  the 
medium  clearance  pressure  b»  t ween  * n*  nozzle  edge  and  the 
shut  t er/v  a lve. 

A.suming  that  pressure  ii  the  end-type  clearance  between  the 

nozzle  and  the  sh  u*  t <?r/ va  1 v<-  oi  a radius  from  to  (Fig- 

2 2 

110b)  it  changes  according  <-o  linear  law,  we  have 


Pcp  = \. 


one 


7 7 If.  0109 


pa  or 


tin  let 


this  condition 


♦ h<>  o ! 


static  prsssure  or 


shut  r er/Va  1 ve 


P=-2-p(di  + d?). 


Thu  Tn  addition  to  those 
however,  the  calculations 
»/  < 0,25 d.  o f hy  dr  o dynamic 

ol  hydrostatic  pressure, 
th.  majority  of  cases  art 


Coccus  or.  shut  ter/va  1 ve  act  flow  forces; 
show  that  a*  the  widesnreai  Value  of  *he 
force  is  small  in  comparison  with  the  force 
in  view  ol  which  practical  calculations  in 
conducted  ta  kin]  into  account  only  static 


r >»s; 
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Flu i.l  flow  tat*-. 

•'luii  flow  Lo  t - - through  the  taro^  le/choice  of  adjustable 
resistor  will  bo  ife  terioin°d  ir.  essence  by  t ho  resistance  or  the 
end-tyje  s lot  i)  et  w O on  the  i.ozz  1«  e-i  go  a rid  * he  ffhutter/vj  1 ve.  The  flow 
rate  of  t lie  D . ar  * h .»  liquid  Through  th->  opening/apert  are  of  the 

f 'V 

t h r ot.  1 1 o/n  h o ke  of  Mi'  f ix-'i  re:  rotor  by  the  j iamet»r  jf  cL  is 

et 

d e *•  er  ni  i ru  i accord  in  ; t > expression  ( 2 6) 

Assuming  that  th  • fluid  flew  rate  to  *•  ne  controlled  performing 
cylinder  i.,  • • j u a 1 to  z_.ro,  and  assuming  that  during  tri  Gmail 
displace!  ui*  y of  sr.  i*t-  r/valve  ar  <-  a f of  the  cross  section  of  M,e 
end  jaj  between  the  nozzle  section  and  the  sh utter/val is  equal  to 
the  ar-  a of  th  » latonl  surface  of  a cylinder  with  height  y and  a 
diameter  equal  t > * !|  internal  liametei  a.*  of  the  section  of  th< 
nozzl  • , i . , assuming  f -31  y it  is  possible  to  approximate  -he 

expression  for  flow  through  tt  is  sap; 
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time  = d=lJ  |/2  , (62) 


where  the  - the  coo  f t icier:*-  of  the  flow  rate  of  t.ho  *>1  -jus  table 

throttls/rhoko  nozzl^  - shutft i/va lve  (slot,  formed  hy  the  nozzle 
ed ye  ar.d  by  sn utt e r/va  1 ve)  , which  is  function  Be;  the  form  of  the 
function  tor  the  inplifiers  of  the  widesprea]  size/dimensior s is 
shown  in  Fig,  131;  To  is  pressure  a ft-  i shuttor/val vo  (in  the  medium 
into  which  occurs  the  escape  of  i i [ u i d ) . 

Fro^  fh:»  given  in  v ig.  1 3 1 curve  it  follows  that  in  the  range  of 
linear  law  (Re  > 100)  it  is  possible  to  set/assume 

H,  = const  s=w  0,62. 


Page  160. 
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Con  vert  in.]  qiMtioii  (62)  taking  into  account  the  mi  of  nozzle- 


hole 


/,= 


nd~ 

c 

4 * 


we  will  obtain 


where  ♦:  tia  p'  = 4u,-^ -L 

ddp  d,)p 

- shut t oi /v i 1 v ? , referred 


the  coefficient  of  the  flow  rite  of 
to  ‘■he  constant  area  of  nozzle  hole. 


noz  z la 


since  the  coefficient  of  the  flow  rate  of  the  through  the 

clearance  of  nozzle  - shutter/ va 1 v-  during  nonseparable  flow  (see 
Fig.  129a)  practically  is  constant  and  does  not  depend  on  he  (see 

Fig.  Ill),  coef  f ic  ient  yj'  it  ae  pen  d s in  this  at  ode /con  1 i t i o ns 
practically  only  on  the  relative  clearance  of  u’dc. 


L. 
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Fxpciier.ee/exneri.nent  Knows  t aa»  ♦ .i®  maximum  coefficient  of  the 
flow  rate  of  aaaa  occurs  with  clearance 


1.0.  with  this  clearance  when  the  flow  passa-je  cross-sectional  area 
of  *■  he  e:  1-type  slot  of  / = ndcy  is  equal  to  the  sectional  area  of 
the  outlet  of  nozzle 
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Under  the  previously  acn;[  r*?d  condition  of  zero  flow  rate  or.  the 
performing  cylinder  (hydraulic  engine)  T could  write  on  the  basis  of 
the  equality  of  the  flow  rates  through  the  throttle/choices  of 
constant  ur.-d  the  variable  of  sections 


Hence  the  pressure  of  Pa  in  overflow  charaner  ( a 11  o w/as sumi ng 


is  i»t- lc  n t.c-'J 
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SERVO  ELFCTROHYDRAU LIC  SYSTEMS, 

In  many  instances  of  applying  servo  systems,  and  in  particular 
in  automatic  hydraulic  equipment  input  signal  is  first  stage  of  the 
intensification  of  signal.  As  a result  the  hydraulic  system  is 
converted  into  the  electroh ydra ulic  servo  system. 

in  the  systems  of  automatic  hydraulic  equipment,  are  applied 
predominantly  the  hydraulic  boosters  with  control  with  the  ail  of  the 
electromechanical  devices  which  convert  output  signal  on  position 
into  electrical  signal  and,  comparing  the  latter  with  signal  at 

entrance,  they  affect  in  accordance  with  a difference  in  these 
signals  the  flow  regulator  of  liquid. 

For  the  transformation  of  input  electrical  signal  into  the 
displacement  of  hydraulic  distributor,  apply  one-  two-stage  (stepped) 
converting  devices. 

In  the  schematic  of  one-stage  device  (Fig.  132a)  electromagnet  1 


directly  moves  the  plunger  of  valve  2 to  the  size/dimension 
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proportional  to  a change  in  the  iorce  cf  electric  current.  Similar 
one-stage  devices  are  applied  in  the  small  flow  rates  (a- 10  1/rin)  of 

ligui d. 

Figure  132b  gives  the  schematic  of  the  drive  of  the  miniature 
valve  (diameter  of  plunger  is  equal  to  3-5  mm)  of  the 
forward/progressive  action  of  the  electric  converter  of  tie 
rectilinear  motion,  which  consists  of  two  solenoid  coils  2,  armatur- 
travel  1 which  is  balanced  by  two  leaf  springs  3.  Because  of  the 
appl ication/usa  of  two  springs,  which  affect  the  plunger  from  two 
sides,  is  ensured  the  displacement  of  plunger,  directly  proportional 
to  the  current  strength  of  control. 

For  an  increase  in  the  reliability,  works  to  the  valv^  of 
converter  usually  communicate  oscillating  motions.  For  this  purpcs*- 
into  control  winding  simultaneously  with  governing  electrical  signal 
is  supplied  the  oscillatory  signal  in  the  form  of  the  harmonic 
oscillations  of  current  with  small  amplitude,  but  with  high  frequency 

(100-200  Hz) . 

The  servo  hydraulic  drive  with  electrical  control  is  carried  out 

L _ 


usually  in  the  form  of  the  multistage  automatic  control  system  in 
which  input  electrical  signal  is  amplified  and  is  converted  by 
electromechanical  converter  into  the  displacement  of  the  distributor, 
governing  performing  hydraulic  engine.  In  automatic  systems  as  first 
stage  the  intensifications  usually  serve  nozzle  - shutter/ va lve  (se- 

Fig.  125)  or  jet  pipe  (see  Fig.  153). 


Electromechanical  converter  is  carried  out  in  the  form  of  the 
electromagnet  of  the  rectilinear  either  rotary  motion,  mobile/motile 
armature  of  which  strictly  is  connected  with  sh utter/val ve  (Fig. 

133a)  or  with  jet  pipe  (Fig.  133b). 
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The  operating  principle  of  this  electromechanical  converter  i- 
based  on  the  interaction  ot  two  magnetic  fluxes,  created  by  the 
currents,  which  take  place  on  the  excitation  windings  and  control.  In 
the  case  of  the  eguality  of  these  current  strength,  the  magnet ie  flux 
of  control  will  be  egual  to  zero.  During  a change  in  the  current 
strengths,  appears  the  magnetic  flux,  proportional  to  a difference  of 
these  current  strength,  under  action  of  which  armature,  and  tog...-,  her 
with  it  and  shutter/valve  they  are  moved.  The  developed  in  this  case 
at  the  armature  of  electromagnet  driving/moving  effort/force  is 

balanced  by  the  effort/force  of  antagonistic  spring.  During  the 
disagreement/mismat ch  of  these  ef f or t/f crces,  the  armature  anl 

sh utter/va 1 ve  are  deflect/diverted  to  the  size/dimension,  directly 
proportional  to  the  current  strength  of  control. 

Converters  with  an  hydraulic  booster  of  the  type"  nozzl“"  - 

shutter/valve  differ  in  terms  of  high  speed  operat.ion(-4=  0.  S • 1 0 , s) 
and  in  terms  of  a comparatively  large  thrust;  however,  tney  can 
ensure  only  the  small  armature  travel  and  shutter/valve  (£^0.15  mm). 

In  the  two-stage  elect roh ydra ul ic  amplifier,  presented  in  Pig. 


134,  first  stage  of  amplification  is  carried  out  in  the  form  of 
nozzles  3 and  of  shutt er/va lve  2,  controlled  with  the  aid  of 
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electromagnet  1,  but  the  second  - in  the  form  of  sleeve  valve  4. 


During  the  supplying  into  the  armature  winding  of  the 
electromechanical  converter  of  electrical  control  signal,  it 

deflect/diverts  sh utter/ val ve  2 of  the  neutral  position  to  on^  side 
or  the  other.  With  the  aid  of  shutter/valve  in  working  chambers  b and 
a of  valve  4 of  the  sguare  of  the  intensification,  hell  in  the 
mid-position  by  the  centering  springs,  is  created  the  pressure 
differential,  utilized  for  a control  of  the  plunger  of  this  valv-.  In 
these  devices  the  valve  ensures  fluid  flow  rate,  applied  to  hydraulic 
engine,  proportional  to  the  force  of  differential  electrical  input 
current-  After  the  valve  will  engage  the  position,  proportional  *o 
the  assigned  deviation  of  shutter/valve,  appears  the  feedback  on 
effort/force. 

By  the  design  of  feedback.,  they  distinguish  as  in  previously 
described  systems  (see  Fig.  115a),  also  servo  hydraulic  boosters  with 
lever/crank  feedback  (Fig.  135a),  the  coefficient  of  feedback  of 
which  it  is  possible  t.o  change  with  the  selection  of  the 
relationship/ratio  of  the  arms  of  differential  lever,  and  also 
hydraulic  boosters  with  rigid  single  feedback  (Fig.  135b),  in  which 
the  sensing  device  (nozzle)  is  placed  directly  on  exit  com  pone n t /I inH 
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(distribution  valve) . 

Besides  the  examined  distributors,  which  ensure  at  ou t put /y iel d 
fluid  flow  rate,  proportional  with  a constant  pressure  differential 

to  input  displacement,  are  applied  the  distributors,  which  ensure  the 
pressure,  proportional  to  input  displacement  with  constant  fluid  flow  j 

ra  te. 


sh utter/Vdl v«  with 


ypo"  nozzle" 


w 
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Figure  1J6  shows  the  schematic  of  the  similar  distributor  which 
ensures  at  output/yield  the  pressure,  proportional  to  the  force 
applied  to  entrance  electric  current.  By  the  output  signal  of  first 
stage  of  this  device  is  the  pressure  differential  Apj  = p,  - p2  in 
the  inter  throttle  chambers  (nozzles)  3,  created  the  dis pli ceine  ru  of 
shutter/valve  2 relative  to  the  section/shear  of  these  nozzles, 
proportional  to  current  strength,  applied  to  electromagnet  1.  This 
the  pressure  differential  acts  on  a difference  in  areas  A?  - A,  “he 

plunger  of  valve  4.  On  surface  A,  the  band  of  a small  section  acts  a 
jump/drop  in  the  operating  pressure  of  &Pn>  proportional  to  working 
lead  on  the  piston  of  hydrostatic  engine. 

Condition  of  the  static  equilibrium  of  plunger 

A,Apr  = {A.  — At). 


During  the  supplying  to  the  electromagnet  of  1 differential 
electric  current,  the  force  of  the  created  the  pressure 

differential  in  hydraulic  engine,  not  equilibrant  Apt  (A?  - At),  by 
the  created  first  step/stage  of  intensification,  and  the  plunger  of 


DOC 


77170109 


P AO  E 


valve  is  moved  to  the  appropriate  side  to  the  value,  proportional  to 
the  created  difference  in  the  forces  of  electric  currents. 


Servo  hydraulic  drive  with  volumetric  control. 


By  a deficiency/lack  in  the  systems  of  choke  control  is  the 
power  loss  with  flow-rate  control  throttling.  in  view  of  this  they 
apply,  and  especially  in  systems  with  large  (8-10  kW)  powers,  the 
servo  hydraulic  drive  with  the  volumetric  control  of  exit  velocity, 

realize/accomplished  change  in  the  pump  capacity  (Fig.  137).  In 
similar  drive  with  the  volumetric  control  in  which  are  applied  the 
pumps  of  the  adjustable  expenditure,  occurs  feed  mode  with  as 
variable  pressure  and  expenditure,  since  the  amount  of  working  fluid 
applied  by  pump,  is  determined  by  the  required  velocity  of  performing 

hydraulic  engine,  and  pressure  - by  its  load,  the  source  power  of 
supply  corresponds  not  allowing  for  power  losses,  consumed  by 


hydraulic  engine.  In  view  of  this  this  drive  differs  in  terms  of  hig 
energy  characteristics. 
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Figure  137  depicts  the  schematic  diagram  of  the  similar 
servomechanism  with  radial  pump  1 and  servomotor  in  the  form  of 
actuating  cylinder  5. 

The  feed  control  of  pump  and  the  reverse  of  teed  in  this  drive 
is  r ealize/accompl ished  by  displacement  of  its  housin;  relative  to 
the  fixed  axis  of  cylinder  block  2,  performed  through  thrust/rod  9 
and  lever  8,  one  side  of  which  is  connected  with  stock/rod  3,  but 
another  - with  thrust/rod  7,  connected  with  entrance  (control  xnob). 


PACiE 

wo-stage  control  of  the  feed  of  pump. 
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System  is  supplied  by  the  auxiliary  gear  pump  6 pumping,  which  1 

supplies  through  checx  valves  4 liquid  under  pressure  35-40  kji/c:n? 
to  pump  1 and  to  both  cavities  of  cylinder  5,  maintaining  pressures 
in  the  cavities  of  this  cylinder  at  the  zero  feed  of  adjustaol-*  pump 
1 and  fixing  with  the  fact  its  piston. 

For  a control  of  the  pump  of  alter nat ing/var iable  feed  in  the 
systems  of  automation,  are  applied  the  electrohydraul  ic  amplifiers, 
iri  which  as  input  effect  serves  electrical  signal.  This  signal, 
intensified  by  electronic  (or  another  type)  amplifier,  is  converted 
by  the  electromechanical  converter  of  steering  gear  into  the 
displacement  of  the  controlling  cell/element  of  the  auxiliary 
hydraulic  booster  of  the  control  mechanism  of  pump.  In  turn,,  the 
control  signal,  which  enters  the  entrance  of  this  hydraulic  booster, 
is  amplified  according  to  power  up  to  the  value,  necessary  for  a 
control  of  the  organ/control  of  a change  in  the  feed  of  pump. 


Thus,  in  dependence  from  value  and  the  polarity  of  the 

electrical  error  signal  at  the  entrance  of  servo  system  can  be 
realized  the  infinitely  variable  control  of  the  exit  velocity  of 
hydraulic  engine  and  connected  with  it  load. 
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Such  drives  possess  high  sensitivity  and  stability,  in  then,  i* 
is  possible  to  utilize  tor  the  formation  of  the  serrated  signal  of 
control  a system  of  electrical  sensors. 


Analysis  shows  that  automatic  systems  in  the  very  best  manner 
satisfy  the  high-speed  position  elec  tr  chyd  rau  1 ic  servo  systems  in 
which  the  feed  control  of  pump  is  r ea 1 i ze/ acc om pi ishei  with  the  aid 
of  steering  gear,  which  consists  of  low-power  electromagnet  and  the 
two-stage  positioned  pozitsior itovannogo  auxiliary  hydraulc:  actuator 


Specifically,  are  common  the  schematics  of  steering  gears  of  th 
feed  of  pump,  which  have  as  mechanical  converter  position  type 
reversive  rotary  electromagnet,  which  affects  the  two-stage 
distributor  of  the  type  the"  nozzle"  - shutter/val ve  with  the 
included  feedback  by  valve,  which  through  the  special  hydraulic 
booster  converts  the  angle  cf  rotation  of  the  cylinder  of 
electromagnet  into  the  angle  of  rotation  of  the  controlling  cradle 
(slant)  of  pump.  Figure  138  depicts  the  schematic  of  the  two-stage 
hydraulic  booster  of  control  of  the  feed  of  the  axial-reciprocating 
pump,  realize/accomplished  by  the  rotation  of  its  cradle. 
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The  entrance  of  the  first  cascade/stage  is  controlled  by 
electromechanical  converter  2 shutter/val ve  3,  ar range/loca *e l 
between  two  nozzles  4,  and  by  output/yield  - the  plunder  of  11 
distribution  valves,  that  is  simultaneously  the  entrance  of  th“ 
second  cascade/stage  appear  cylinders  6 and  15  mechanism  of  the 
rotation  of  the  cradle  of  pump,  that  turn  its  relative  to  axle/axis 

12  through  angle ^ y. 


Plunger  11  is  stopped  up  with  the  aid  of  springs  by  10  and  13 
two  pistons  7 and  14,  connected  through  rigid  frame  8,  which  is 
connected  with  rocking  yoke/arm  9,  strengthened  on  the  axis  12  of 
turning  of  the  cradle  of  pump.  Pigid  frame  8 and  pistons  7 and  14 

with  springs  10  and  13  realize/accomplish  feedback  of  the  transmitter 
of  the  second  cascade/stage  of  hydraulic  booster  (cradle  of  pump) 


with  plunger  11. 
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For  operational  provisions  of  nozzle  - shutter/valve  in 
hydraulic  system,  are  established/inst ailed  two  throttle/choke  oi 
fixed  resistor  1 and  5. 


During  the  supplying  of  electrical  signal  to  the  control  winding 
of  electromechanical  converter  2,  its  rotary  armature  together  with 
shutter/valve  3 will  be  deflected  to  certain  angle  to  that  or  otl.or- 
side,  as  a result  in  the  cavities  between  springs  10  and  13  valves  in 
is  created  the  pressure  differential,  which  will  move  plunger  11, 
cause  by  the  displacement  of  shutter/valve,  will  be  compensated  for, 
and  plunger  11  will  be  establish/installed  at  free  position.  In  this 
case,  it  will  overlap  the  window  of  the  supply  of  actuating  cylinders 
6 and  15,  as  a result  the  cradle  of  pump  will  be  fixed. 

Thus,  by  changing  value  and  polarity  of  the  governing  el-c^rical 
signal,  applied  iaf o electromechanical  converter  2,  is  re preset te 1 
possible  to  ensure  the  deflection  of  the  cradle  of  pump  of  the  angle, 
proportional  to  this  signal. 

By  the  important  advantage  of  the  examined  devices  is  the 
possibility  of  the  velocity  control  of  hydraulic  engine  by  mean-  of 
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the  direct  feed  of  signal  to  electromagnet  trcm  the  potentiometers  or 
automatic  controllers. 

Hydraulic  boosters  of  the  torsional  moment. 

3y  the  hydraulic  booster  of  the  torsional  moment,  is  understood 
the  servomechanism  with  the  hydraulic  engine  of  rotary  or  ro^i :y 
action,  connected  with  distributor  (error  meter)  which  usually  is 
carried  out  in  the  form  of  rotary  valve  (♦-ap/crane)  with  th<-  tracking 
bushing. 

In  practice  are  common  rotary  type  amplifiers  in  which  ar<^ 
applied  the  hydraulic  motors  of  rotary  action.  Similar  hydraulic 
boosters  convert  by  torgue/moment  into  the  synchronous  rotary  motion 
of  output/yield  with  the  higher  torsional  moment. 


The  amplifier  circuit  of  rotary  type  torsional  moment  is 
represented  in  Fig.  139a.  Piston  has  a form  of  plate  (blade/vane)  1, 
which  can  be  turned  in  housing  2 at  an  angle  of  <360°.  The  but-  end 
of  this  plate,  connected  with  the  output  shaft  cf  performing 
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hydraulic  engine,  serves  as  its  axle/axis,  and  also  the  bush  in  g of 
distribution  valve  J of  the  rotary  type,  connected  with  control  KnoL. 

Liquid  under  pressure  will  be  fed  through  the  channels  of  valve 
e and  f,  but  it  is  abstract/r emoved  throuqh  channel  m.  Durinq  ’■he 
rotation  of  the  plug  of  valve  3 relative  to  bushings,  will  occur  the 
disagreement/mismatch  of  their  positions,  and  liquid,  after  entering 
the  appropriate  cavity,  it  will  turn  plate  1 in  the  same  direction, 
as  the  plug  of  valve,  before  the  elimination  of 
disagreement /mismatch. 
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Valve  3 with  the  tracking  bushing  it  performs  in  this  circuit  of 
the  function  of  the  sensing  device,  which  measures  the 

disagreement/mismatch  of  input  and  output  shafts.  Since  the  bushing 
ot  valve  is  strictly  connected  with  the  shaft  of  hydraulic  engine, 
system  valve  - hydraulic  engine  is  enveloped  by  reverse/in  vers-* 
stiffening  joint. 

In  the  servo  hydraulic  drive  of  full-turn  rotary  motion  (wi*-h 
hydraulic  motor)  and  with  reverse/inverse  mechanical 
communication/conn ect ion  are  commonly  used  the  distributors  (valve:) 
of  the  rotary  type  with  the  tracking  freely  sponsor  bushing  which 
fulfills  the  functions  of  the  sensing  device,  which  measures  the 
disagreement/mismatch  between  the  input  signal  and  the  feedback 
signal,  whereupon  distributor  is  carried  out  usually  in  the  form  of 
independent  apparatus  (Fig.  139b).  The  bushing  of  2 distributors  is 
connected  with  the  aid  of  kinematic  vapor  with  the  output  shaft  of 
hydraulic  motor,  i.e.,  to  bushing  2,  enters  feedback  signal,  and  to 
valve  3 control  signal.  As  a result  the  bushing,  connected  throuqh 
feedback  with  hydraulic  motor,  tracks  the  motion  of  the  plug  of 
valve.  For  this,  the  distributor  is  installed  in  system  so  that  the 
crank  (lever)  of  control  is  linked  beaded  4 plugs,  and  the  shaft  of 
feedback  - beaded  of  1 bushing  of  2 distributors.  During  the  rotation 
of  plug  3,  are  open/disclosed  the  corresponding  channels,  employ*  i 
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for  the  supply  of  the  hydraulic  engine  whose  rotation  throujh 
reverse/inverse  mechanical  communicaticn/connection  (reducer)  i s 
transferred  to  bushing  2,  which  is  turned  to  the  same  side  to  which 
was  turned  the  plug.  With  the  cessation  of  plug  (with  the  cessutior 
of  the  motion  of  governing  knob/stick)  bushing  2 attacks  to  it  ail 
overlaps  the  channels  (windows)  of  the  supply  of  hydraulic  engine. 

plug  and  bushing  in  steady  conditions  rotate  at  constant  angular 
velocity  with  the  error  angle,  proportional  to  the  velocity  of  motion  , 

and  to  the  load  of  hydraulic  motor  (it  corresponds  to 

disco very/openi ng  the  throttling  window),  rfith  an  increase  in 

velocity  and  fluid  flow  rate,  the  area  of  windows  increases,  art 
consequently,  displacement  angle  increases.  For  a decrease  in  t.  h«- 
dead  zone,  the  overlap  by  the  plug  of  channels  in  bushing  2 must  b*-- 
minimum  (0.05-0.08  mm). 


0.  Servo  hydraulic  boosters  with  hydraulic  motor 


).  Output/yield.  (2).  Entrance. 
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Se If- fcrak i ng  (irreversive)  systems. 

The  filled  by  liquid  actuating  cylinder  is  similar  to  hydraulic 
spring.  Expression  for  the  hardness  of  a similar  hydraulic  spring  of 
actuating  cylinder  not  allowing  for  the  deformation  of  the  wills  of 
cylinder  (see  p.  19)  takes  the  form 

r _2ES* 

— y > 


where  E - the  bulk  modulus  of  liquid;  S is  the  effective  area  of  the 
piston  of  actuating  cylinder;  V - the  working  volume  of  the  chamber 
of  cylinder  (hydraulic  engine)  and  of  main  line,  that  is  loca-^d 
under  the  operating  pressure  of  liquid. 

In  view  of  this  if  necessary  provision  for  a high  hardness  and 

nonreversing  nature  of  the  system  of  rectilinear  forward  mo«-ion,  an* 
applied  the  high-speed  hydraulic  motors  whose  rotation  is  converted 
with  the  aid  of  machanical  node/units  (worm  and  helical  vapor)  irto 
exit  rectilinear  motion. 
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The  hardness  of  a similar  transmission  in  comparison  with  the 
hardness  of  transmissions  with  actuating  cylinder  is  caused  by  the 
small  volume  of  the  liquid,  which  undergoes  compression.  So,  rf  in 
the  actuating  cylinder  of  rectilinear  motion  compression  undergoes 
only  the  volume  of  liquid,  which  is  located  at  this  tor  gue/monx-nt  rn 
the  working  chambers  of  hydraulic  motor. 


Figure  140a  depicts  one  of  the  possible  circuits  of  the 
self-braking  hydraulic  transmission  of  throttle  control.  Hydraulic 
motor  3 rotates  bushing  4 with  the  internal  cutting  in  which  enters 
screw/propeller  5.  Distribution  valve  2 connect  with  thrust/roi  1 
system  of  feedback  with  control  knob.  The  static  nonrevarsing  nature 
of  transmission  is  ensured  by  the  selection  of  the  corresponding 
angle  of  screw/propeller  and  kinematic  cha racteriat ics  of  the  other 


component/links  of  transmission. 
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Figure  140b  shows  the  schematic  diagram  of  the  hydraulic  booster 
of  the  torsional  moment,  in  which  the  velocity  control  and  reversing 
the  output/yield  of  hydraulic  motor  2 are  rea 1 ize/accom pi ished  by  a 
feed  control  of  pump  1.  For  this,  the  thrust/rod  5 control  of  pump  is 
connected  by  differential  lever  6 with  control  rod  (entrance)  7. 
Feedback  is  rea lize/accompl ished  by  gears  by  1 and  screw  pairs  4. 

SENSITIVITY  AND  THE  ACCUHACY/PFECIS ION  OF  HYDRAULIC  BOOSTER. 

cne  of  the  basic  requirements,  imposed  to  servo  type  hydraulic 
boosters,  is  the  requirement  for  the  provision  for  an 
accuracy/precision  and  sensitivity  hearth  by  which  understates  -he 
complex  of  the  qualities,  which  characterize  the  ability  of  hydraulic 
booster  to  reproduce  with  the  minimum  error  (on  time  and  way)  the 
displacement  of  output/yield  in  accordance  with  the  assigned 
displacement  of  entrance,  the  error  over  time  characterizing 
operating  speed,  but  by  way  of  - the  accuracy/precisian  of  system. 


Figure  141a  gives  the  traffic,  which  characterizes  the  qualify 
of  hydraulic  booster  in  question.  Curve/graph  shows  that  the 
displacement  of  entrance  (plunger  of  valve)  in  way  h,  from  free 
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position  (it  corresponds  to  the  interval  of  time  from  * he  beginning 
of  the  motion  of  entrance  a)  it  is  not  accompanied  by  the  motion  of 
output/yield  (piston  of  actuating  cylinder).  This  way  characterizes 

the  dead  zone  of  system.  During  the  further  displacement  of  the 
entrance,  starts  up  the  output/yield;  however,  its  velocity  is 

establish/installed  only  after  passage  by  the  entrance  of  certain  way 
h2  (it  corresponds  to  the  interval  of  time  b) . In  equal  maasuro  the 
motion  of  output/yield  at  the  end  of  power  stroke  will  cease  itself 
only  after  certain  time  after  the  cessation  of  the  entrance, 
characterized  by  cut  c. 


The  examined  d isa g reement/misma tch  in  the  displacements  of 
entrance  and  output/yield  (path  error)  determines  the  error  (error) 
of  tracking,  whion  characterizes  sensitivity  and  the 
accur  acy/procision  of  servo  system.  This  error  depends  on  the 
high-  speed/volocit.  y and  power  operating  mode  of  hydraulic  booster. 
Specifically,  the  error  in  the  tracking  in  steady  conditions  with  the 
loaded  output/yield  usually  is  determined  by  the  distance  (way)  h2, 
up  to  which  must  be  displaced  the  plunger  of  valve  (entrance)  from 
free  position  at  the  position,  which  ensures  pressure  and  fluid  flow 

rate,  required  for  the  overcoming  of  load  and  development  of  the 
given  speed  of  the  steady  motion  of  output/yield. 


In  transient  (being  unsteady)  condition  can  occur  an  additional 
increase  in  the  error  (distur bance/brea kdown  of  accuracy/p  roc isior) 
because  of  the  action  of  the  pressures  exerted  by  masses,  connected 
to  ou tp ut/y ie Id , for  overcoming  of  which  will  be  required  larger  than 
during  steady  conditions  of  motion,  discovery/opening  slide  valve 
po  r t s - 

Page  190. 

The  error  is  determined  by  a number  of  factors,  also,  first  of 
all  by  the  gear  ratio  of  kinematic  feedback  loop,  which  characterizes 
the  ratio  of  the  displacement  of  the  plunger  of  3 valves  (entrance) 
to  the  displacement  or  the  piston  of  4 hydraulic  engines 

(out. put/yield)  with  of  the  fixed  control  rod  with  motionless 
output/yield  (see  Fig.  115).  For  the  examined  circuits,  depicted  or. 
Fig.  115,  this  gear  ratio 
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where  m is  reach  of  lever  7 between  the  attachment  points  of  valve 
and  control  rod;  n is  the  same  between  the  attachment  points  of 
hydraulic  engine  and  control  rod. 

In  other  words,  for  the  circuit,  depicted  on  Fig.  115a,  this 
number  is  always  less  than  1,  but  for  a circuit  in  Fig.  115b  - is 
always  more  than  1.  This  number  frequently  they  assume/take,  if  it  is 
allow/assuroed  by  the  requirements  for  stability,  equal  to  five  and 
above . 

For  the  servo  system,  presented  in  Fig.  115b,  is  possible 
principally  how  conveniently  to  decrease  this  error  at  out put/yie Id 
by  means  of  an  increase  in  the  intensification  in  speed  (by  .leans  of 
increase  i = m/n)  . However,  this  increase  practically  is  limited  by 


the  stability  conditions  of  system. 
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Besides  gear  ratio 


m 

n 


for  error  in  the  tracking  they  influence  the  airtightness  of  system, 
gaps  in  its  mechanical  node/units,  loads  and  on  exit  velocities  and  a 
series  of  the  other  factors,  which  affect  dead  zone.  Separately  one 

should  note  static  friction  (the  frictional  rest)  in  the  nodes  of 
system,  and  in  particular  in  valve,  which  it  can  lead  to  considerable 
delay  in  the  react  ion  of  controls  to  control  signals.  Under  known 
conditions  the  tracking  input  signal  at  low  speeds  will  be  stepped, 
and  work  of  servo  system  will  become  intermittent. 


Mot  the  less  important  factor,  which  affects  the 
accuracy/precision  of  servo  system,  are  the  gaps  in  the  kinematic 

chain  of  the  systems,  as  a result  of  which  is  reduced  its  sensitivity 
and  increases  "dead  space".  In  the  presence  of  gaps,  the  motion  of 
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the  out put/y i«ld  of  the  system  at  first  of  their  selection  occur: 
without  load,  whereupon,  thus  far  the  leading  com  pone  n t /I  i r.k 
(entrance)  does  not  pass  the  way,  equal  to  gap,  driven/known 
component/link  (output/yield)  remains  motionless  and  will  initiat'  to 
he  moved  only  after  in  the  leading  component/link  will  be  selected 
gap.  The  leading  component/link  it  acquires  for  this  time  interval 
certain  speed,  and  only  after  this  both  componen t/lin ks  will  be  moved 
jointly.  Analogously  during  the  motion  of  the  leading  componen  t/li  r.k 
to  the  side  of  the  initial  position  driven/known  component/link  will 
initiate  to  be  moved  as  in  the  first  case,  only  after  passage  r>y  the 
leading  component/link  of  certain  way,  which  corresponds  to  gap. 


Analogous  effect  on  the  accuracy/precision  of  system  exerts  tho 
elasticity  of  its  components.  It  is  obvious  that  the  displacement  of 
output/yield  after  the  start  of  entrance  will  fce  initiated  only  a:t-r 
the  voltages  of  all  elastic  ce  11/e le me r ts,  including  liquid  and 
cond  uit/manifolds,  they  will  achieve/reach  the  value,  which 
corresponds  to  the  load  of  output/yield. 

In  practice  the  evaluation  of  accuracy/precision  and  sensitivity 
of  hydraulic  booster  frequently  produces  itself  according  to  tn» 


ratio  of  the  establish/installed  exit  velocity  of  the  aaaa  of  piston 
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to  displacement  ,f 


the  plunder  of  the  valve; 


which  acceded  to  call  the  quality  of  servo  system  (hydraulic 
booster).  Depending  on  designat ion/pur  pose  and  quality  of  hylraul 
booster  k = 10- 125  /s 


end  section. 
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STABILITY  OF  HYDRAULIC  BOOSTER. 

By  the  stability  of  hydraulic  booster,  is  understood  its  ability 

to  return  to  steady  state  after  the  break-down  of  the  source,  which 
destroyed  this  equilibrium.  Figure  141b  and  c gives  the  cu rve/graphs, 

which  characterize  the  stability  of  two  systems  one  of  which  has  hiih 
(Fig.  141b),  and  another  - low  stability  (Fig.  141c).  The  curv«  of  a 
expresses  the  displacement  of  entrance,  while  the  curve  of  b - the 
displacement  of  output/yield. 


Steady  conditions  can  be  disrupted  both  change  in  the  input 
parameter  (reference  input)  and  by  the  change  in  the  exit  parameter 
(for  example  by  the  external  perturbation  effect  in  the  form  of  a 
change  in  the  aerodynamic  leading  on  the  aircraft  control  surfaces, 
etc. ) . 

Stability  largely  affects  the  kinematics  of  the  actuator  of 
distributor.  Thus,  for  instance,  with  an  increase  in  the  gear  ratio 
of  differential  lever  7 feedback  (see  Fig.  115b)  the  probability  of 

destabilization  it  is  raised.  The  acceptable  from  this  viewpoint  gear 
ratio  of  this  lever  it  is 


r 
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Consequently,  the  requirements  for  stability  are  opposite  to  th<> 
requirements  for  accuracy/precision. 

On  the  stability  of  system,  great  effect  exerts  the  elasticity 
of  conduit/manifolds,  liquid  and  mechanical  component/link s of 
system,  and  in  particular  the  elasticity  of  ccmmunication/connect  ior.s 

of  hydraulic  engine  with  load,  and  also  the  elasticity  of  those 
machine  parts  to  which  are  fastened  the  power  packs  of  hydraulic 

booster.  During  some  external  and  internal  distur bance/per turbatior s 
and  during  their  combination  with  the  mass  load,  elasticity  and  th» 


design  features  of  system,  it  can  enter  the  resonance  oscillations 
during  which  can  develop  considerable  dynamic  loads. 


Figure  142a  shows  the  diagram  of  elastic  fixing  to  th*-»  airplay 
of  the  stock/rod  of  the  cylinder,  which  belongs  to  the  hydraulic 

booster  of  the  system  of  controls,  equipped  with  sensitive  (witn  low 
coverage)  valve.  It  is  not  difficult  to  see  that  in  the  presence  of 
this  elasticity  the  driving  pulse,  which  causes  the  bias  of  the  exii 
component/link  (actuating  cylinder)  of  hydraulic  booster,  it  can 
cause  the  oscillation  of  system,  with  this  momentum/impulse/pulse  t) 
attachment  point  of  the  stock/rod  of  cylinder  as  a result  of 
elasticity  will  be  displaced  and  will  turn  (with  motionless 
knob/stick)  the  lever  of  feedback  AB,  after  displacing  valve.  I*  is 
obvious  that  with  the  known  elasticity  s,  the  plunger  of  valv^  will 
be  able  to  be  displaced  so,  that  the  liquid  will  enter  the 
appropriate  cavity  of  actuating  cylinder  and  will  set  it  in  the 
motion  during  which  will  change  the  direction  of  the  motion  of  level 
AB.  Accumulation  in  this  case  elastic  energy  will  contribute  to  the 
passage  of  the  valve  through  the  equilibrium  (neutral)  position-.  It 
valve  possesses  high  sensitivity,  then  the  described  process  will  be 
repeated  in  opposite  direction,  as  a result  of  which  they  can  arise 
auto- oscil lat ion  with  the  natural  vibration  frequency  of  exit 
component/link. 
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Page  192. 

Figure  142b  depicts  the  diagram  of  the  reversible  hydraulic 
booster,  in  which  part  of  the  acting  at  output/yield  effott/foLce  i: 
transferred  to  control  knob.  Let  us  assume  that  the  attachment  of 
actuating  cylinder  absolutely  rigid,  and  input  anl  output  circuits 
respectively  they  possess  elasticity  s?  and  s3.  The  destab  i 1 iza  ♦ i or  . 
of  system  in  this  case  it  can  be  caused  by  sharp 
disturbance/perturbations  both  from  the  side  input  and  output 

circuits.  Thus,  for  instance  let  us  assume  that  output/yield  under 
the  action  of  any  external  power  moment um/impu  lse/pulse  (action  of 
air  flow  to  control  plane)  it  will  be  displaced  toward  one  side  or 
the  other.  The  rotation  of  the  control  through  the  output  circuit  ari 
the  differential  lever  AB  is  transferred  to  the  input  circuit,  ‘he 
elastic  component/link  s2  which  it  will  make  possible  to  lever  AB  to 
turn  itself  and  to  discover  distribution  valve,  which,  in  turn,  will 

cause  the  displacement  of  actuating  cylinder.  As  a result  with  the 
known  rela  t ionshi  p/ ra  t i os  of  the  mass  load  and  hardness  input  s 2 ana 

exit  s3  ducts  the  energy  of  liquid  will  cause  the  self-excitation  of 
system.  In  this  case,  elasticity  s2  on  input  circuit  will  low^r  the 
attenuating  effect  of  the  mass  of  knob/stick  and  control  rods  and 
decrease  the  stabilizing  effect  of  the  action  of  operator  on  control 


knob 
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Compressibili  t y effort  of  liquid  and  deformation  of 
cond u l t/ma ni f ol ds.  Effect  on  the  stability  of  the  system  of  the 
com pressiD i 1 i t y of  its  filling  liquid  and  the  elastic  deformation  of 
the  walls  of  hy  dr  oa  gg  rega  t es  and  cond  u i t/ma  ni  f old  s is  analogous  wit!, 
the  effect  of  the  elasticity  of  the  mechanical  nodes  of  hydraulic 
system  examined  above.  Under  this  condition  the  liquid,  which  enters 
from  pump,  is  compressed  during  part  of  the  oscillatory  cycle,  arid 

also  expands  conduit/manifolds,  accumulating  energy.  In  the 
subsequent  part  of  the  oscillatory  cycle  the  accumulate!  in  liouid 
and  condu it/ manif o 1 ds,  energy,  entering  system,  is  added  to  the 
energy,  which  comes  in  from  pump.  The  hydraulic  cylinder,  filled  by 
liquid  under  certain  pressure  with  the  overlapped  channels  of 
entrance  and  output/yield,  can  be  likened  in  this  case  to  the  spring 
whose  hardness  will  be  determined  by  the  compressibility  of  liquid. 


It  is  not  difficult  to  sec  that  the  linear  elasticity  (si  j)  of  a 
similar  liquid  spring  is  equal  (deformation  of  the  walls  of  cylinder 
we  disregard) 
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where  f5  - the  coefficient  of  the  compressibility  of  liquid;  V is  a 
total  volume  of  the  closed  (blocked)  liquid  in  cylinder;  A - 
effective  piston  clearance. 

Analogous  sag  will  be  observed,  also,  in  diagram  with  the 
hydraulic  engine  of  rotary  motion  (hydraulic  motor).  Let  us  assume 
which  valve  airtightly  overlaps  both  the  channel  of  the  filled  by 

liquid  hydraulic  motor,  connected  with  input  and  exit 
conduit/manifolds.  If  liquid  was  incompressible,  then  the  shat*-  of 
hydraulic  motor  would  be  strictly  stopped  up  by  the  closed  liquid  (t,y 
deformation  of  the  part  of  nyaraulio  motor  and  nonherinetic  state  we 

disregard).  However,  since  liquid  is  compressed,  the  shaft  of 
hydraulic  motor  can  be  turned  to  any  angle.  In  this  case,  the 
hydraulic  motor  acts  as  pump,  raising  pressure  in  on»  cavity  and 

after  reducing  in  another.  The  torque/moment,  necessary  for  the 
rotation  of  the  shaft  of  hydraulic  motor,  is  proportional  the 
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ptessuie  differential  in  conduit/manifolds  a angle  of  rotation  - to  a 
change  of  the  volume  of  the  cavities  of  hydraulic  motor,  connected 
with  conduit/manifolds.  Assuming  that  the  bulk  modulus  of  liquid 
appears  for  the  acting  pressures  by  constant,  it  is  possible  r o 
consider  that  the  shaft  of  hydraulic  motor  connect  with  the  spring  of 
permanent  hardness. 

The  angular  elasticity  of  equivalent  spring  is  equal  for  this 

case 


C,  = rad/  (cm* kg)  , 

i r2 

where  q,  and  q2  - the  specific  working  volume  of  hydraulic  motor  in 
cm  3/rad . 

In  this  case,  we  assume  that  the  closed  volumes  of  liquid  n.  the 
opposite  cavities  of  hydraulic  engine  (gutter  and  forcing)  ar-'  • qual 

between,  by  itself. 
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In  connection  with  actuating  cylinder  this  condition  will  be 
observed  for  the  mid-position  cf  piston  with  bilateral  stocn/rou  (see 
Fig.  26b) . 

From  the  point  of  view  in  question  especially  is  undesirable  ♦he 

presence  in  the  liquid  of  air.  Presence  in  the  cylinder  of  th-1 
hydraulic  booster  of  the  undissolved  air  gives  as  a result  of 
compression  to  the  storage  of  kinetic  energy  during  the  oscillations 
of  stock/rod  (out p u t/y i eld ) with  its  subsequent  return  to  motion. 

t 

It  is  obvious  that  in  the  slow-operating  servo  systems  the 
effect  on  the  operating  mode  of  the  elasticity  of  liquid  usually  is 
negligibly  small.  However,  in  the  case  of  inertia  loads  with 
considerable  static  friction  (for  example  in  the  case  of  the  drive  of 
the  table  of  planer)  the  effect  of  elasticity  can  lead  to  the 

intermittent  motion  of  the  output/yield  of  drive.  This  is  caused  by 
the  fact  that  through  the  valve  must  pass  certain  amount  of  liquid 
before  in  the  cavities  of  hydraulic  engine  will  be  created  the 
pressure  differential,  sufficient  for  the  overcoming  of  the 
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frictional  forces  of  rest  a nd  inertia.  After  this  for  motion 
output/yield  with  load,  are  required  because  of  a reduction  in 
friction  less  forces,  as  a result  will  occur  the 

excess/throw/overshoot  of  the  velocity  of  motion.  After  the  cessation 
which  will  occur  practically  at  the  adjusted  pressures  in  the  cavity 

of  engine,  appears  static  friction,  whereupon  cycle  will  be  repeated. 


It  is  obvious  that  the  examined  effect  of  springing  is 

aggravated  during  the  application/use  of  a liquid  with  low  elastic 
modulus  and  with  the  large  volumes  of  the  working  cavities  of 
hydraulic  engine.  For  this  reason  frequently  ( speci f ica  11  y , in  heavy 
machine  tools,  in  control  of  the  aircraft  control  surfaces,  etc.)  it 
is  necessary  to  reject  the  appl ica tion/ use  of  power  cylinders, 
replacing  them  by  the  hydraulic  motors,  the  volume  of  cavities  of 
which  is  considerably  less  than  the  volume  of  the  first. 


For  hydraulic  motors  important,  from  the  viewpoint  of  the  effect 
in  question,  is  the  volume  of  the  dead  space  of  the  motor  hearth  by 
which  is  understood  a difference  in  the  maximum  volume  of  its 
chambers  (with  coupling  channels)  Vi  of  working  volume  q.  This 
parameter  is  characteri zed  by  coefficient 
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where  q and  v - q - working  volume  and  the  volume  of  the  dead  space 
of  hydraulic  motor. 

Better/best  from  this  viewpoint  axial-piston  hydraulic  ao"ors 
even  when  the  coupling  channels  are  carried  out  shortest  possible  and 
a small  section,  have  an  k„  — 4,  for  the  series  machines  of 

k,  = 6-t-  10. 

Effect  of  gaps.  The  source  of  the  onset  of  oscillations  can  be 
also  gaps  in  the  componen  t/links,  included  in  feedback  (gaps  in  the 
chain/network  of  articulation  from  control  knot  to  distribution 
valve),  which  amplify  the  oscillations,  caused  by  the  elasticity  of 
lever/crank  system  and  thrust/rods,  during  appendix  to  them  of  load 
or  are  the  source  of  the  onset  of  oscillations.  Specifically,  in  the 
presence  of  gaps  can  occur  the  loss  of  stability  as  a result  o£  the 
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axial  lack  of  balance  of  valve,  produced  by  the  hydrodynamic  ac-ion 


of  fluid  flow-  It  is  obvious,  if  on  the  input  circuit  of  system  is 
gap,  then  the  plunger  of  slide  valve  under  the  action  of  the 
oscillating  hydrodynamic  force  will  be  displaced  on  the  limits  of 


this  gap,  which  can  with  the  high  sensitivity  of  valve  cause  * he  flow 


reversals  of  liquid  and  oscillation  of  system. 


Methods  of  an  increase  in  the  stability.  The  simplest  method  of 
an  increase  in  the  stability  of  hydraulic  booster  is  an  increase  in 


the  overlap  of  valve  (increase  in  the  dead  zone)  and  a decrease  in 


the  intensification  of  system  in  velocity.  However,  a similar  method 
makes  operating  speed  and  the  accuracy/precision  of  hydraulic  booster 

worse.  From  that  which  was  presented  it  follows  that  an  increase  in 
sensitivity  and  accuracy/precision  of  system  is  achieved  by  the 

application/use  of  the  valve  with  the  minimum  overlap,  which  moreover 
must  ensure  with  slow  speed  sufficiently  large  passage  cross  sections 
for  a liquid,  whereas  for  an  increase  in  the  stability  of  system 
against  oscillations  overlap  one  should  increase,  and  the  flow  areas 
decrease. 


r 
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An  excessive  increase  ir.  the  overlap  can  cause  as  a rosul*  of  an 
excessive  increase  in  the  dead  zone  inverse  effect  - fall  in  t te- 
stability. 

The  factor,  which  stabilizes  system,  is  its  nonhermetic  state; 
therefore  for  an  increase  in  the  stability,  frequently  are  introduced 
the  artificial  leakages,  which  scatter  during  oscillations  part  of 
the  energy  of  system.  The  attenuating  properties  of  leakages  ar° 
caused  by  energy  loss,  and  also  fact  that  in  the  presence  their 
increases  the  dead  zone. 

Artificial  hydraulic  slip  in  cylinder  usually  creates  by 
shunting  through  the  resistance  (throttle/choke)  of  the  cavities  of 
cylinder,  for  which  in  its  piston,  usually  it  is  carried  oaf 
open  i nq/a  per  t ure  0.5-2  mm  in  diameter  (Fig.  143a). 

Stabilizing  effect  exerts  also  line  resistance  and  the  local 
losses.  For  this,  at  entrance  or  output/yiold  of  liquid  from 
actuating  cylinder  or  simultaneously  in  entrance  and  exit,  are 
establish/installed  throttle/chokes  m and  n (Fig.  14  3b)  . 
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Attenuation  of  vibrational  energy.  The  most  radical  method  ot 
the  extinguishing  of  oscillations  is  the  a ppl icat ion/use  of  damp'  rs 
of  the  hydraulic  resistance  with  the  aid  of  which  the  vibrational 
energy  is  scattered  in  the  form  of  heat. 


Damper  is  establish/installed  in  the  oscillatory  system  between 
any  two  by  that  being  moved  one  relative  to  another  by  points 
(usually  between  the  being  moved  part  of  distributor  and  its 

housing).  In  systems  with  slide-valve  distributor  damper  usually  i.; 
linked  with  plunger,  and  the  bushing  of  damper  - with  distributor 
housi ng . 


Damper  is  cylinder  small  piston  3 which  (Fig.  144a)  is  connected 
with  the  plunger  of  1 valve,  in  piston  is  located  thrott la/choke  2. 
During  the  displacements  of  small  piston  3,  liquid  is  displaced  by  it 
through  this  opening/aperture  of  one  cavity  of  cylinder  into  another. 
For  the  elimination  of  the  overflowing  of  the  liquid  through  the 
radial  slot  between  the  small  piston  and  the  cylinder  applied  sealn.j 
ferrule  4.  In  the  absence  of  this  ring,  certain  part  of  the  liquid 
would  flow/last  in  work  of  the  damper  through  the  radial  slot,  since 
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the  amount  of  overflow  liquid  depends  on  the  a 1 terna  t in  g/v  a r i a 1 1 e 
size/dimensions  of  slot  and  viscosity  (temperature)  of  liquid,  a 

chanqe  in  these  factors  would  disrupt  the  operational  stability  cf 
damper. 

The  section  of  throttle/choke  2 in  the  small  piston  of  1 dampers 
is  selected  so  tnat  attenuation,  on  one  hand,  would  rio*'  increase  the 
effort/forces,  necessary  for  the  displacements  of  valve  during 

control  a on  the  other  hand,  in  order  that  during  its 
h iyh- speed/ve  locit  y oscillatory  displacements  would  be  created  t;,n 
attenuation,  capable  of  extinguishing  the  force,  exciting 
oscillations.  So,  with  the  diameter  of  lash-pot  piston  10-40  mm  at  1 
the  oil  of  AMG-10  the  diameter  of  throttle/choke  2 usually  is  ;.b-0.d 
mm. 

The  calculation  of  hydraulic  damper  is  reduced  to  the 
determination  of  flow  resistance  of  the  liquid,  forced  by  th«  small 
piston  of  the  damper  through  the  choke  opening/aperture,  p«rform>-1 

usually  taking  into  account  flow  of  liquid  through  open  ing  /a  p*- r*  ul  * ; 
in  fine/thin  wall.  The  pressure  differential  Ap  in  the  cavities  of 
the  cylinder  of  damper,  created  by  the  resistance  of  throttle/choke, 
and  expenditure  2 liquids  are  connected  in  this  case  by  dependence 
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(20).  Coefficient  of  the  expenditu 
the  fino/thin  wall  of  piston  m = 0 
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Taking  into  consideration  that  the  indicated  expenditure  i' 
egual,  under  the  condition  of  the  absence  of  hydraulic  slipes  through 
the  clearance  between  the  small  piston  and  the  cylinder,  to  the 
volume,  described  by  dash-pet  piston  Q = vF,  where  v and  F - th*-* 
speed  of  displacement  and  the  piston  clearance  cf  damper,  we  can 
wr  ite 


Q = Fv  = ti[Y- 

p p,? 

A P~2ii a’  / 1 * 


Parameters  F,  v f and  Ap  are  selected  so,  in  order  to 
effort/force  P = F A p,  necessary  for  the  displacement  of  the  small 


piston  of  damper  at  its  required  maximum  working  speed,  it.  would  not 
exceed  rated  values. 

When  damper  does  not  have  ferrule  4 (see  Fig.  144a),  one  stioulu 
consider  the  overflowing  (expenditure)  of  the  liquid  through  radial 
clearance  (slot)  between  the  small  piston  and  the  cylinder.  The 
calculation  of  damper  in  this  case  is  recommended  to  carry  ou*  in  the 
following  order.  First  one  should  calculate  according  to  expression 
(23)  for  an  eccentric  slot  the  fluid  flow  rate  of  0,„  with  the 
assigned  pressure  differential  Ap  through  the  radial  slot.  Deducting 
this  expenditure  f r cm  volume  Q = vF,  described  by  dash-pot.  piston  at 
its  assigned  speed  is  determined  the  volume,  which  must,  be 
extr ude/excluded  for  the  same  time  with  the  assigned  pressure 
dif  terential  Ap  through  the  choke  open  ing/a  pe  r t ur  e in  the  piston: 


Qi  = Q — Qu<  = *>F  — 

With  ♦'his  expenditure  the  opening/aperture  for  proviiing  the 


required  pressure  differential  must  have  an  area  according  * o 
expression  (20) 


Q,  vF—Qu, 

^vw~^vw 


When  the  fluid  flow  rate  of  the  Q„(  through  the  radial  olot 
with  the  assigned  pressure  differential,  calculated  according  to 
expression  (20)  , will  be  more  than  Q = vF,  i.  e.,  when  the  damper  do<-s 
not  ensure  the  assigned  resistance  even  without  supplementary 

opening/aperture  in  small  piston,  necessary  either  to  decrease  the 
radial  clearance  in  piston  vapor  of  damper  or  to  increase  the 
diametei  of  its  small  piston. 

Page  196. 

Since  the  volume  of  damper  of  V = LF  vary  directly  the  square  >: 
its  diameter,  while  the  perimeter  of  radial  slot  (length  of  the 
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average  circunf er a nee  of  slot)  increases  in  proportion  +a  the  first 
degree  of  this  diameter,  and  the  pressure  differential  under 
otherwise  equal  conditions  vary  indirectly  the  square  of  the  iiarer._r 

ot  small  piston,  by  a change  in  this  diameter  it  is  possible  to 
regulate  the  re  1 1 ti  ons  hip/rat  io  of  the  operational  characteristics  of 

damper.  From  the  viewpoint  cf  reliability  and  stability  of 
attenuation,  it  is  expedient  to  maximally  increase  area  F of  small 

piston  with  a simultaneous  decrease  in  the  section  of 
opening/aperture  f of  the  throt  t le/choke,  minimum  diameter  of  which, 
however,  must  be  not  less  than  0.1  mm. 

The  energy,  absorbed  during  tne  extrusion  of  the  liquid  t hrougn 
throt tle/chokes  for  one  piston  stroke  (not  allowing  for  friction  of 
piston  in  cylinder), 

E0  = LFAp, 

where  L is  the  travel  of  the  piston  of  damper  (range  of  oscillation 
of  valve) . 

Application/use  of  valves  with  stepped  passage  openings.  For  an 
increase  in  the  stability  of  hydraulic  booster,  are  applied  the 
valves  with  stepped  in  the  course  of  plunger  by  the  sec*ion  of 
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passage  openings  (Fig.  144b),  whereupon  with  the  first  part  of  it  way 
of  window  they  are  made  with  variable  resistor.  This  is  reached  Ly 
the  fact  that  supply  of  liquid  in  the  beginning  of  the  motion  of 

plunger  realize/accompl ish  not  on  entire  perimeter  of  the 
circumference  of  the  plunger  of  valve,  but  through  narrow  grooves 
(slot)  a of  alternating/variable  depth.  Practically  flow  area  into 
parts  of  length  m of  the  course  of  valve  (approximately  at  lenj^h 
0. 2-0.5  mm  from  neutral  line)  make  in  the  form  of  two  or  four  evenly 
arranged/located  through  circumference  narrow  arc  slots,  which  have 
alternating/variable  section. 


The  curve/graph  of  a change  in  the  section  of  slot  in  the 
course,  the  showing  fracture  of  curved  system  performance,  are 
represented  in  Fig.  144c.  In  the  first  after  passage  dead  space  c of 
part  of  the  piston  stroke  an  increase  in  the  section  of  slot  at 
length  m is  characterized  by  the  curve  mlf  an  increase  in  the  section 
at  length  n is  the  curve  of  n, . 


Stabilization  of  system  by  the  improvement  of  feedback.  The 
method  of  an  increase  in  the  transient  stability  (stabilization)  of 

drive  described  above  by  hydraulic  slip  is  connected  with  its 
essential  supplementary  expenditure,  and  an  increase  in  the  transient 
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stability  by  attenuation  is  connected  with  a fall  in  the  operating 
speed  of  system. 

Therefore  frequently  is  applied  stabilization  by  the  iirpr ovenx-T t 
of  feedback,  and  in  particular  by  the  applicaticn/use  of  a flexible 
feedback.  By  means  of  the  rational  construction  of  feedback  is 
represented  possible  to  improve  the  quality  of  transient  process  (to 
accelerate  fading  transient  process  and  to  decrease  its  duration), 
and  also  to  decrease  the  static  error. 

Figure  145a  gives  the  schematic  of  two-stage  hydraulic  booster, 
in  which  for  an  increase  in  the  stability  proportional  control  of 
mismatching  is  corrected  by  control  on  first-order  derivative  (or.  the 
rate  of  change  in  the  disagree ment/mismatch) . The  basic  distribution 
valve  of  1 this  schematic,  which  feeds  actuating  cylinder  of  i 
hydraulic  booster,  is  driven  by  the  piston  of  auxiliary  actuating 
cylinder  2,  controlled  by  auxiliary  valve  8,  connected  with 
differential  lever  5 feedback  with  entrance  (control  knob). 


The  correction  of  proportional  control  is  realize/accomnl ished 
as  follows.  The  piston  rod  of  auxiliary  cylinder  2,  connected  with 
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the  plunger  of  basic  valve  1,  will  bear  on  himself  the  piston  of  7 
cylinder  of  6 damper  which,  in  turn,  is  connected  with  differential 
lever  5 feedback,  but  it  has  the  capability  of  axial  displacement, 
from  which  it  is  held  by  spring  4.  The  displacement  of  entrance 
(auxiliary  valve  8)  causes  the  displacement  of  the  piston  of 
auxiliary  cylinder  2,  and  together  with  it  and  the  piston  of  7 > 

cylinder  of  6 damper.  However,  the  displacement  of  piston  7 Ln  the 

cylinder  of  damper  is  possible  only  after  the  displacement  through 
the  throttle/choke  3 liquids  from  its  appropriate  cavit y.  in  view  of 
this  during  sharp  displacement  piston  7,  for  example,  to  the  right 

cylinder  6 into  the  first  instant  is  moved  as  a result  of  the  high 
resistance  of  throttle/choke  together  with  this  piston,  compressing 
spring  4 and  changing  with  the  aid  of  lever  5 &iscovery/opening  slide 
valve  ports  8. 


r 
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Therefore  is  corrected  the  position  of  distribution  valve  1 in 
accordance  with  input  signal  by  the  lead  of  o ut pu t/yiel i . 

After  a change  in  the  disa  greeme  n t/mi  sma  tch  will  cease  itself, 
spring  4,  straightening,  will  extrude/exclude  liquid  from  the  right 
cavity  of  cylinder  6 and  will  return  it  on  the  cessation  of  a change 
in  the  disagreement/mismatch  at  starting  position-  As  a result 
auxiliary  valve  8 and,  consequently,  also  basic  distribution  valv«  1 
will  engage  the  assigned  positions,  i.e.,  tne  position  of  equilibrium 
of  system  it  is  reduced. 

Thus,  the  distribution  valve  of  this  schematic  can  occupy 
certain  determined  position  in  accordance  with  the  load  of 
output/yield,  not  depended  on  the  position  of  entrance. 

In  Fig.  145b  is  shown  the  circuit  of  two-stage  amplifier,  which 
differs  from  preced ing/pre vious  only  in  terms  of  the  fact  that  the 


first  cascade/stage  of  intensification  is  carried  out  in  it  in  the 
ferm  cf  nozzle  - shutter/valve  a. 
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Figure  146  depicts  the  schematic  diagram  of  the  hydraulic  system 
of  the  automatic  frequency  control  of  the  rotation  of  heat  °r.  jir>  2 
with  similar  flexible  feedback-  During  a change  in  the  rate  of  the 
output  shaft  of  engine  in  comparison  with  that  which  was  assigned, 
the  loads  of  7 ball  governor  6 change  their  position,  characterized 

with  angle  a- 
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1.  Hydraulic  uoostecs  with  derivative  control 


).  Output/y ield.  (i) • Entrance. 
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in  accordance  with  this,  is  moved  the  clutch  of  5 regulator,  wtiich 
causes  rotation  around  point  Ot  lever  8 and  the  displacement  of 
connected  with  it  valve  4 of  performing  actuating  cylinder  11,  vnicn 
affects  the  controlled  system  (by  changing  the  position  of 
sh  ut  ter/va  1 ve  1,  which  controls  fuel  consumption)  . As  a result 
controlled  parameter  (exit  velocity)  of  engine  2 it  is  reduced. 

The  flexibility  of  described  com m uni  cation/connect  ion  is  caused 
by  the  presence  of  spring  9,  connected  with  the  cylinder  of  11  lipoid 
dampers  (cataract). 

As  a result  of  the  resistance  of  thrott.le/choke  10  cylinder  *■  he 
cataract  in  the  beginning  of  the  piston  stroke  of  12  actuating 
mechanisms  (hydraulic  cylinder)  is  moved  together  with  it, 
dilate/extending  or  compressing  spring  9 and  turning  lever  9 around 
point  Qz,  i.  e.  , to  the  moment  the  feedback  in  question  returns 
gradually  to  the  initial  position,  displacing  the  liquid  through 
thrott le/choke  10  of  the  one  cavity  of  cylinder  11  into  another. 

The  schematic  of  a similar  mechanism  with  derivative  control  is 


P1UE  **^ot 


shown  in  Fig.  147a.  The  bushing  of  3 valves  has  the  capability  to  be 
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moved  in  axial  direction  under  the  actj.cn  of  the  force,  transferred 
from  damper  2,  which  reacts  (because  of  throttle/choke)  to  the  rate 
of  change  in  the  disagreement/mismatch.  Springs  1 and  4 accept 
control  signal  from  damper  and  on  t.he  cessation  of  a change  xn  the 
disagreement/mismatch  return  bushing  3 to  free  position  relative  to 
the  plunger  of  5 valve. 

Furthermore,  in  it  are  carried  out  two  functional  operations  a* 

the  error  signal:  automatically  are  considered  two  functions 
("proportionality"  and  "on  derivative")  is  conducted  the  resulting 
effect. 

Page  199. 

Structurally  this  is  reached  by  valve,  discovery/opening  flow  areas 
occurs  in  movinq  the  plunger  of  valve  relative  to  housing 
(proportional  control)  and  in  moving  the  very  bushing  of  valve 
(derivative  control) . These  functions  in  valve  are  added  either  are 


deducted  with  respect  that,  increases  or  decreases 
disagreement/mismatch. 
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In  such  a case,  when  in  hydraulic  booster  is  not  allow/assumed 
even  insignificant  constant  disagreement/mismatch,  necessary  to 
ensure  the  action  of  adjuster  also  after  disa  greemerit/mismatch 
temporarily  decreased  to  zero.  The  last/latter  condition  car.  be 
carried  out  by  the  introduction  of  effect  on  the  integral  of 
disa gree me nt/ mi sma tch  with  respect  to  time. 

Figure  147b  shows  the  schematic  of  the  hydraulic  booster  in 
which  the  effect  on  integral,  rea  1 ize/acccm {.1  isheil  by  the 
introduction  of  spring  1 and  of  damper  2,  is  combined  with 
proportional  control.  At  first,  when  system  is  located  in  equilibrium 
and  has  zero  disagreement/mismatch,  bushing  3 and  the  plunger  of  4 
valves  occupy  the  free  position  in  which  the  valve  is  enclosed.  '* her 
appears  disagreement/mismatch,  the  plunger  of  4 valves  is -moved 
relative  to  the  housing  of  valve  to  the  value,  proportional  to 
disagreement/mismatch,  and  causes  the  displacement  of  dash-pot  piston 
2 together  with  the  bushing  of  valve.  This  displacement  is 
proportional  to  the  integral  of  disagreement/mismatch  in  time.  As  a 
result  actual  disco  ver  y/ope  ni..g  valve  is  determined  by  the  mutual 
displacement  of  bushing  and  plunger  of  valve,  which  corresponds  to 
the  sum  of  the  signals  of  proportional  control  and  control  on 
integra 1. 
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Every  jet-edge  unit  (Pig.  148a)  consists  of  a supply 
channel  (nozzle)  a and  two  outlet  (combining)  ducts  (nozzles) 
c , and  : , connected  to  a hydraulic  engine  (load).  In 
addition,  depending  on  the  purpose  of  the  equipment,  it  has 
a jet  interaction  zone  (chamber)  e and  two  control  channels 
b^  and  b . 

In  combining  nozzles  the  kinetic  energy  of  fluid  flow  is 
converted  into  the  potential  energy  (pressure),  which  develops  the 
driv ing/moving  effort/forces  on  the  piston  of  the  connected  to  this 
nozzle  hydraulic  engine.  Depending  on  form,  this  jet-edge  amplifier 
can  execute  both  continuous  and  discrete  operations.  In  the  amplifier 
of  proportional  action  (Fig.  148a)  the  jet,  which  escape/ensues  of 
the  channel  of  supply  (nozzle)  a,  is  divided  in  the  absence  of 
control  signals  equally  between  outlet  ducts  c,  and  by  C2,  connected 
with  load  (hydraulic  cylinder).  During  the  supplying  of  control 
signal  into  one  of  the  channels  b,  or  b2,  the  feeding  jet  will  be 
deflected  to  the  side,  opposite  to  this  channel,  as  a result  the 
power  at  output/yield  from  the  side  of  the  deflected  jet  will  exceed 
power  at  opposite  o utput/yield.  The  character istics  of  this  amplifier 
depend  on  forms  and  processes  of  mixing  in  the  chamber  of  the 
interacting  jets  and  exchange  of  the  amount  of  their  motion. 
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The  introduction  of  effect  on  integral  raises  the 
accuracy/precision  cf  work  of  hydraulic  booster  in  transient 
conditions;  however,  it  can  lower  its  stability. 

JET  AMPLIFIERS 

In  automatic  hydropneumatic  equipment,  and  in  the  systems  of 
hydraulic  steering  find  a use  jet-edge  amplifiers  (devices)  in  which 
is  utilized  the  coupling  effect  of  the  fluid  flews  or  gases  between 
themselves  and  solids. 

Jet-edge  amplifiers  are  divided  by  two  basic  groups:  continuous 
action  (proportional  amplifiers)  and  discrete  action  (double-stable 
amplifiers).  Are  carried  out  they  both  with  the  channels  circular  ar,  i 
rectangular  cross  sections. 


Amplifiers  of  proportional  action. 
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Fig.  148.  Schematic  diagram  of  the  action  cf  proportional  type 
jet-edge  amplifier. 

Key:  (1).  outlet  pressure.  (2).  Right  output/yield.  (3).  Left 

output/yield.  (4).  Differential  pressure  of  control. 


Fig.  149.  The  design  diagram  of  proportional  type  jet-edge  amplifier, 


Key:  (1).  Receiving  channel, 
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The  output  of  a similar  jet-edge  amplifier  is  determined  by 
difference  in  the  expenditures,  and  also  by  the  momenta  of  flow  and 
by  the  pressures,  which  develop  in  its  receiving  (exit)  channels  c, 
and  C 2 depending  on  load  at  output/yield.  All  these  values  depend  on 
rate  distribution  of  the  deviated  flow  of  the  differential  pressure 
of  equation  is  given  in  Fig.  148b. 

For  desensitization  of  amplifier  to  changes  of  the  resistance  of 
load  (pressure  in  the  receiving  channels  c,  and  c2  depending  on  loau 
at  output/yield.  All  these  values  depend  on  rate  distribution  of 
deviated  flow  and  the  angle  9 to  which  it  is  deflect/di ver ted . 
Dependence  of  outlet  pressure  on  the  differential  pressure  of  the 
administration  is  given  in  Fig.  148b. 


For  decrease  of  sensitivity  of  amplifier  to  changes  in  the  load, 
impedance  (pressure  in  the  receiving  channels  ct  and  C2)  chamfer  e 
with  epening/aper t ures  is  connected  with  the  atmosphere.  When  the 
receiving  (load)  channels  Cj  and  C2  are  completely  overlapped  (for 
example  with  the  cessation  of  the  piston  of  hydraulic  cylinder),  the 
flow  through  these  of  openings  can  escape/ensue  into  the  atmosphere. 
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Jet  deflection  is  realize/accomplished  by  different  methods,  an i 
speci f ica 11 y,  by  the  governing  flow,  applied  through  the  governing 

channels  b,  and  b?,  arrange/located  perpendicular  to  the  axle/axis  of 
the  feeding  nozzle  a,  or  by  means  of  the  rotation  of  this  nozzle. 

Let  us  designate  by  M 1 = pu2tu  the  momentum  of  the  feeding 
liguid  jet  by  section  u and  by  the  density  p,  which  escape/ensues  of 
nozzle  a at  rate  u,.  Let  the  governing  jet  with  momentum  1 2 be 
directed  square  with  the  feeding  jet,  the  momentum  M,  the  feeding  jet 
considerably  exceeding  the  momentum  of  the  governing  jet  "1  ? (Fig. 

149)  . 

According  to  the  theorem  about  the  conservation  of  momentum,  the 
feeding  jet  under  the  action  on  it  of  governing  jet  (flow)  will  be 
deflected  cn  angle 


0 = arete 
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With  coaxial  location  feediny  a and  receiving  c of  channels  and 
with  zero  control  signal  the  feeding  jet  falls  into  receiving 
channel. 
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During  the  supplying  of  governing  jet,  the  feeding  jet  is 
deflect/diverted,  and  with  in  the  governing  pressure  increase 
increasingly  less  part  of  the  feeding  flow  falls  into  receiving 
channel.  Experience/experiment  and  the  calculation  show  ttiat  the 
insignificant  deflection  of  the  flow  of  control  causes  considerable 
changes  in  a difference  in  the  expenditures  through  the  outlet  ducts 
cf  amplifier. 

The  form  and  the  size/dimensions  of  chamber  a of  proportional 
amplifier  in  which  interact  manager  and  feeding  the  flows,  must  be 
carried  out  in  such  a way  that  the  flow  of  supply  would  not.  undergo 

the  effect  of  its  walls. 


Jet-edge  amplifiers  possess  a series  or  qualities,  which  make  it 
possible  to  apply  them  under  the  severe  conditions  of  work,  and  in 
particular  in  wide  temperature  range,  on  the  high  level  of  vibrations 
and  accelerations,  and  also  with  large  impact  leads. 


Because  of  the  absence  in  these  amplifiers  of  their  moving 
elements  it  is  possible  tc  manufacture  from  the  materials,  which 
ensure  work  in  such  specific  conditions  as  nuclear  radiations  and 
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very  high  and  low  ton peratures  (fluid- jet  elements  aie  applied  for 
work  in  the  very  broad  band  of  temperatures  from  -196  to  9800^), 
During  the  a ppl ica t ion/ use  of  approprate  materials,  they  allow/assume 
work  with  aggressive  liquids. 


work  substances  can  be  both  liquids  and  gases,  whereupon  the 
devices,  designed  for  work  on  gases,  they  can  work  also  on  liquids. 


On  operating  speed  jet-edge  amplifiers  exceed  all  the  existing 
similar  devices  of  mechanical  type.  The  maximum  frequency  of  the 
changeover  of  gas  jet-edge  amplifier  cell/elements  reaches  several 
kHz.  In  work  on  low- viscosity  liquids  (water)  the  operating  speed  of 
fluid-jet  elements  as  a result  of  a difference  in  the  densities  of 
liquids  and  gases  approximately  by  an  order  is  lower  than  operating 
speed  in  work  in  air;  however,  it  is  located  at  the  lavel,  which 
satisfies  practice.  Liquid  generators  work  in  the  range  of 
frequencies  150-5500  Hz. 


The  basic  difference  in  the  operating  speed  of  hydraulic 
pneumatic  jet-edge  devices  depends  on  the  rate  cf  the  feeding  jc+  ani 
inertia  properties  of  governing  channel. 


DOC 


771 80109 


PAGE  6 


' %<T 

With  the  aid  of  jet-edye  amplifier  it  is  possible  to  obtain  th- 
pressure  impulses  of  high  frequency,  including  the  periodic 
momentum/impulse/pulses,  which  reproduce  varying  loads.  This  makes  it 

possible  to  utilize  jet-edge  technology  for  generation  in  the 
vibration  testing  units  of  hiy h- f l equency  oscillations,  and  also  for 
the  imitation  of  intermittent  loads  on  the  power  orga n/con tr ol s of 
different  machines  during  frequency  and  resource  tests,  it  is 
represented  also  by  the  possible  to  change  these  loads  according  to 
predetermined  program. 

The  schematic  of  the  jet-edge  oscillator  of  pressure  is  giver,  in 
Fig.  150.  Liquid  under  pressure  will  be  fed  to  feeding  convergent 
nozzle  1 and  through  combining  nozzle  2 enters  the  actuating 
mechanism  (hydraulic  engine)  of  testing  unit.  The  feeding  channel  of 
convergent  nozzle  can  overlap  with  shut  ter/ va 1 ve  4,  led  to 
oscillatory  motions  with  the  aid  of  shaped  eccentric  3,  the 
rotational  speed  of  which  determines  the  frequency  of  the  overlaps  by 
the  shutter/valve  of  the  feeding  channel  and  the  oscillation 
frequency  of  pressure  in  receiving  sole  2.  The  law  of  a change  i r:  the 
pressure  (shape  of  pulse)  is  assigned  by  the  form  of  sh utt er/va 1 ve. 
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The  amplitude  of  fluctuation  of  ] 
assigned  by  pressure  in  the  feed 
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Fig.  151.  Schematic  of  the  chamber  of  -jet-edge  proportional  amplifi* 
and  characteristic  of  expenditure  at  output/yield. 


Key:  (1).  kgf/cm2.  (2).  1/min.  (3).  hp.  (4).  Expenditure.  (5).  Power 

(6).  Pressure. 

U> 


p,  xr/cH* 
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The  tests  showed  the  possibility  of  obtaining  the  stable 
amplitude  of  fluctuations  of  pressure  to  200  kgf/cm*  sinusoidal  for® 
at  oscillation  frequencies  to  50  Hz. 


The  studies  of  the  amplifier,  made  by  the  schematic,  given  in 

Fig.  151a,  they  showed  that  with  the  coaxial  location  of  that  feeding 
1 and  receiving  2 nozzles  and  their  corresponding  structural/design 
execution,  and  also  the  corresponding  distance  between  their 
secti cn/shear  of  the  transferred  energy  loss  relatively  small.  So,  at 

applied  pressure  p , = 100  kgf/cm*  and  with  distance  h between  nozzle 
edges  3-5  mm  (diameter  of  the  feeding  nozzle  1 mm  and  receiving  - 1.5 
mm)  less  of  pressure  did  not  exceed  with  the  zero  expenditure  of  ] 

combining  nozzle  3-4  kgt/cm*. 

Figure  151b  gives  the  curves  of  the  dependences  of  outlet 
pressure  p2  on  input  pt  for  the  different  distances  h between 
nozzles.  The  minimum  energy  losses  during  flow  of  liquid  in  the 
conically  tapering  channel  (convergent  nozzle)  cccur  at  angles  of  I 
taper  alpha!  = 

= 6-8°. 


13-15°,  also,  in  that  which  is  diverging  - with  alpha2 
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Figure  151d  gives  the  curves  (solid  lines)  of  fluid  flow  rate  at 
output/yield  from  combining  nozzle  2 in  pressure  dependence  p2  loads 
(at  the  nozzle  outlet  2)  for  the  different  applied  pressures  pt  with 
the  distance  between  nozzle  edges  h = 6 mm. 


In  accordance  with  change  depending  on  the  load  (pressure  p^)  of 
expenditure,  changes  also  power  N,  reaching  the  maximum  value  with 
the  determined  load.  The  curves  of  the  indicated  dependence  of  power 
on  pressure  (load)  p?  for  the  conditions  in  question  are  giv^n  in 
Fig.  1 5 1 d (broken  lines). 


From  the  aforesaid  it  follows  that  the  nonlinearity  of  the 
expenditure  in  the  function  of  load  is  analogous  to  the  nonlinearity, 
which  occurs  with  spill  with  an  alternating/variable  pressure 
differential  of  the  throttle/chokes  of  constant  section.  With  an 
increase  in  the  distance  between  nozzles,  the  nonlinearity  of 
expenditure  is  raised.  It  is  obvious,  if  combining  nozzle  is 
connected  with  hydraulic  engine  (power  cylinder),  then  the  deneruier.ee 

of  the  exit  velocity  of  the  stcck/rod  of  the  latter  will  take  the 


ferm  of  these  curves 
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Figure  151c  shows  the  curve  of  the  full-load  saturation  curve  of 
nozzles  in  a di mons ionless  form  at  different  pressures  in  the  feeding 
nozzle  (from  40  to  100  kg  f/cin? ) , the  shewing  dependence  the 
efficiency  of  fluid-jet  element  on  the  dimensionless  parameter  of 

load 


Tests  are  carried  out  with  the  nozzles  of  the  following 
size/ dimensions:  ^ = 1,03  and  dnpu4JI  = 1,56  mm;  the  distance 

between  nozzles  h = 6 mm. 


Amplifiers  of  discrete  action. 


For  the  flow  distribution  of  liquid,  are  applied  also  the 
jet-edge  amplifiers  of  the  discrete  (intermittent)  action,  which  are 
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actually  certain  s t rue t ural/des ign  modification  of  the  examined 
amplifier  of  proportional  action.  In  this  amplifier  of  the  stream,  it 
has  only  two  stable  positions  (Fig.  152).  Tne  basic  design  difference 
of  the  last/latter  double-stable  amplifier  frem  the  examined 
amplifier  of  proportional  action  is  the  approach  of  the  lateral 

chamber  walls  e of  the  interaction  of  jets,  thanks  to  which  is 
ensured  the  possibility  of  the  "adhesion”  of  jets  to  one  of  trie  walls 
of  this  chamber.  An  amplifier  of  this  type  is  carried  out  by  usually 
planar  (with  the  rectangular  ducts  and  the  rectangular  chamber  ot  *he 
interaction  of  jets) . 

The  operating  principle  of  discrete  jet-edge  amplifier  is  based 
on  the  property  of  the  boundary  layer  of  fre^  flow  "to  adhere"  to  f he 
adjacent  surface  (effect  of  Coanda)  , whereupon  in  this  stuck  nor.it  ion 
flow  it  remains  after  the  break-down  of  the  control  signal,  which 
caused  this  adhesion. 

The  mechanism  of  "adhesion"  can  be  illustrated  by  the  schematic 
diagram,  shown  in  Fig.  152b  and  c.  coaxial  (central)  the  axle/axis  of 

channel  the  position  of  the  jet  between  the  walls,  forming  the  mixing 
chamber,  shown  in  Fig.  152b,  is  unstable,  and  jet  under  the  effect  of 

any  even  sufficient  small  effects  will  be  deflected  into  on*  of  the 
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sides  (Fig.  152c).  In  this  case,  the  sectional  area,  past  which  i* 
can  pass  the  ejected  flow  from  that  side  to  which  was  deflected  t h-* 
flow,  decreases,  and  with  opposite  it  will  increase.  As  a result 
between  jet  and  chamber  wall,  the  interactions  will  be  created  ar  a 
result  of  the  ejecting  action  of  jet  separating  circulation  zon'  witn 
reduced  pressure,  and  also  will  arise  the  transverse  gradient  of 
pressures,  directed  to  the  same  side,  as  the  initial  jet  deflection, 
under  action  of  which  occurs  further  jet  deflection. 


If  near  the  deflected  jet  on  the  one  hand  proves  to  be  wall, 
flow  from  the  side  of  this  wall  it  is  detained,  which  will  lead  to 
the  emergence  of  a pressure  difference  from  both  sides  of  the  jet; 
near  wall  is  formed  area  of  reduced  pressures  in  the  flow  of  the 
compensating  liquid,  as  a result  of  which  the  jet  will  join  ("will 
stick")  the  wall. 


Page  204. 


If  jet  passes  near  wall,  then  it  seemingly  had  attract/*-  ig  h*-  ened  *-o 
it.  In  this  case,  is  establish/installed  the  equilibrium  be*w^er,  the 
force,  which  attempts  to  level  off  jet.  in  the  initial  direction,  and 


the  force,  which  appears  in  the  separating  zone  b of  reduce} 
pressure,  which  bends  the  particle  trajectory  of  the  liquid  in  jet 
towards  wall. 

The  change-over  (changeover)  of  jet  from  one  wall  t o another 
will  occur,  when  the  described  equilibrium  is  disrupted,  i.e.,  when 

pressure  in  the  separating  zone  b so  will  increase  tnat  will  occur 
the  separation  of  flow  from  wall.  For  this,  it  is  necessary  to  feed 

to  this  separating  zone  certain  amount  of  liquid  under  pressure, 
which  will  be  reached,  if  we  increase  expenditure  from  the  right 

governing  channel.  The  dividing  eddy/vortex  in  this  case  increases, 
and  point  a of  the  adhesion  of  jet  is  displaced  downstream.  After 

this  point  will  move  toward  the  end  of  the  wall,  jet  is  detached  away 
from  the  right  wall,  it  will  move  to  opposite  wall  and  will  enter  the 

second  outlet  duct. 


The  change-over  of  jet  is  caused  by  the  fact  that  through  th« 
right  governing  opening/aperture  enters  a sufficient  jet  in  order  to 
complete  the  loss/depreciation  of  the  medium,  exhaust?!  from  the 
starboard  of  strings,  whereas  from  opposite  side  of  working  melium  it 
is  expend/consumed  more  than  it  enters  through  the  governing 
open i ng/a pe rt ure.  As  a resul*  pressure  from  left  side  is  lowered  the 
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jet  "will  stick"  to  this  wall  of  channel. 


In  view  of  the  directionality  of  jet,  the  overflows  of  signal 
jet  of  one  inlet  duct  in  another  are  small,  if  only  outlet  duct  is 

net  completely  blocked.  In  order  to  remove  this  overflowing  also  in 

the  case  of  the  blocking  (overlap)  of  the  supplied  outlet  duct  (with 

d 

large  load),  are  applied  the  lateral  open ing/apertures  d4  and  , 
connected  with  the  atmosphere  (p0),  through  one  of  whic-h  t he  jo*  in 
this  case  is  headed  for  the  atmosphere,  instead  of  overflowing  into 
another  inlet  duct. 

By  the  selection  of  the  corresponding  configuration  of  chamber  e 
of  the  interaction  of  jets  and  outlet  ducts  b and  c (Fig.  152a)  it  is 
possible  to  create  this  "locking  e dd y/ vor t e x" , which  completely  will 

remove  the  rotation  of  flow  of  one  outlet  duct  in  another  under  all 
conditions  of  thair  loading  up  to  their  complete  overlap  (flow  will 

escape/ensue  in  this  case  into  the  atmosphere) . To  invert  of  flow  anl 
to  deflect  it  to  opposite  outlet  duct  possible  in  this  case  on  1 v by 
• ■ a pp 1 icat ion /append ix  of  opposite  on  sign  governing  flow. 


t • “/'-x  per  i men  t shows  that  in  flew  direction,  for  exampl  ' 
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into  the  load  (receiving)  channel  c,  pressure  in  the  second  load 
channel  b are  equal  or  even  somewhat  lower  than  the  pressure  n0  the 
environment,  so  that  openiny  or  channel  b will  not  affect  the  flow 
rate  and  pressure  in  channel  c.  Amplification  factor  in  pressure  of 
work  cn  anechoic  chamber  (with  the  overlapped  outlet  duct)  reached 
during  testing  this  amplifier  on  water  cf  value 


Pynp 


■-  8-e  10. 


The  flow  rat?  of  Q,/r,p  for  control  for  the  changeover  of  the 
discrete  amplifier  in  question  in  work  on  water  in  practice  does  not 
depend  on  ratio  p,/p2  and  is  equal  — (0,08—0,09) Qwm.  Maximum 

relation  of  the  flow  rates  of  the  output/yield  of  Q „ and  supply  of 
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Time*  interval  between  the  feed  of  control  signal  and  the 
appearance  of  an  output  signal  at  the  second  output/yield  of  device 
(reaction  time)  depends  on  design  features  and  the  size/di  mansions  of 
this  device,  and  also  on  the  ratio  cf  the  pressure  of  the 
administration  of  P„nr  and  supply  p»  . 
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For  miniature  gas  devices  this  time  does  not  exceed  40-50 
microseconds,  for  water  and  working  oils  of  hydraulic  systems  of 
hydraulic  systems  operating  speed  (with  Re  = 1000)  12-15  times  lower 

than  for  gases. 

Servo  jet-edge  amplifiers  of  proportional  action. 

The  jet-edge  amplifiers  of  proportional  action  are  applied  as 
distributors  in  servo  type  hydraulic  boosters.  Jet  deflection 
realize/accomplishes  in  the  latter  case  (Fig.  153a)  by  the  rotation 
of  the  feeding  tube  (nozzle)  1,  through  which  will  be  fed  the  liquid 
(feeding  flow)  to  intakes  c of  actuating  cylinder  2.  The  tube  with  1 
hinged  end  a is  connected  with  the  supply  cf  power  of  system  by  the 

liquid  which  on  leaving  from  nozzle  b enters  two  arrange/located  by  a 
series  intakes  c of  the  distributive  unit  of  actuating  cylinder  2, 
each  of  which  is  connected  with  the  appropriate  cavities  of  the 
latter. 


If  the  nozzle  of  jet  pipe  is  arranged  symmetrically  relative  to 


opening/apertures  c,  then  pressures  in  both  cavities  of  cylinder  2 
are  equal,  and  its  piston  is  found  in  rest.  During  the  bias  of  tub« 
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relative  to  intakes  the  pressure  into  one  cavity  will  exceed  pressure 
in  another,  as  a result  piston  will  be  displaced  to  the  side.  For  ar. 
increase  in  the  speed  of  flow  for  the  target/p urpose  of  an  increase 
in  the  supply  of  kinetic  energy,  the  tube  usually  is  made  in  t he  fon 
of  conical  nozzle  (nozzle)  with  angle  of  13-15°,  the  divergence  angle 
of  receiving  channels  8-10°.  By  the  systems  of  pneumatic  automatics, 
the  pressure  usually  does  not  exceed  8-10  kgf/cm2;  however,  in  * he 
systems  of  automatic  hydraulic  equipment,  these  devices  in  many 
instances  work  at  pressures  200  kgf/cm?  and  above. 

The  feedback  in  diagram  with  the  fixed  piston  (Fig.  153a)  is 
ensured  by  the  fact  that  cylinder  2 is  moved  to  the  side  of  the  Lias 
of  tube  1 until  is  restore/reduced  the  disrupted  symmetry  of  the 
position  of  nozzla  relative  to  intakes  c.  The  power  stroo  of 
performing  hydraulic  engine  is  determined  into  this  case  by  the  Lias 
of  tube. 

The  axle/axis  of  tube  usually  is  arrange/located  vertically. 


thanks  to  which  the  reaction  of  liquid  jet  acts  against  gravitational 
forces,  decreasing  the  frictional  forces  in  the  supports  of  tube. 
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The  advantage  of  jet-edge  distributor  is  the  fact  that 
communicat ion/connection  between  its  componen t/ lin ks  is 
realize/accomplished  only  by  a liquid  jet,  thanks  to  which  tube  do 
not  affect  the  unbalanced  forces  examined  above,  which  act  in  valve. 
Furthermore,  this  distributor  differs  in  terms  of  small  inertia  and 
small  friction  of  moving  elements,  which  increases  sensitivity  and 
operating  speed  servo  systems.  A distributor  of  this  type 
allow/assumes  to  100  changeovers  per  second. 


77190109  PAGE 

4.  Two-stage  jet-edge  amplifier  with  electromagnetic  con'iol 


5.  Jet-edge  amplifier  with  derivative  control. 


/ t/npaS^enue 
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The  dead  zone  of  system  with  jet  pipe  usually  is  0.01-0.02  mm. 
Interchangeable  effort/force  for  the  displacement,  of  the  tube  of 
medium  size  is  3-5  g.  Pressure  in  servomotor  (in  actuating  cylinder) 
it  is  approximately  90o/o  of  inlet  pressure  (pressure,  applied  *o 
tube)  . 

An  energy  deficiency/lack  in  the  jet-edge  hydraulic  booster  is 
the  fact  that  with  low  and  zero  control  signals  it  has  the  high 
losses  of  the  flow  rate  of  supply.  It  is  not  difficult  to  see  (se^ 
Fig.  153a)  that  in  the  free  position  of  jet  pipe  (with  zero  signal) 
these  losses  of  flow  rate  are  egual  to  the  maximum  calculated  flow 
rate  of  hydraulic  engine.  The  maximum  value  the  efficiency  of 

jet-edge  amplifier  does  not  exceed  aaaaaaaaaaaaaa.  In  view  of  this 
the  fluid-jet  elements  found  use  mainly  as  first  stage  of 
intensification  in  electroh ydr aulic  amplifiers  with  feedback. 

Two-stage  jet-edge  amplifiers. 

Are  applied  also  the  two-stage  diagrams,  in  which  by  the  first 
cascade/stage  of  intensification  serves  jet  pipe  1 and  as  th^  second, 
i- e. , plunger  2,  controlled  by  this  tube  (Fig.  153b).  Intakes  in  this 
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diagram  are  made  on  piston  i , connected  with  plunger  2 of  basic 
distribution  valve,  thanks  to  which  the  latter  "follows"  the  rube 
which,  in  turn,  "follows"  the  input  signal. 


Power  loss  to  control  comprises  in  one-stage  system  15-1rfo/o  of 
power,  conducted  to  amplifier.  In  two-stage  diagrams  this  loss, 

referred  to  the  output  power  of  hydraulic  engine,  composes  the 
negligible  fractions  of  this  power. 

In  the  systems  of  automation,  the  signal  is  form/shaped  in  the 
majority  of  cases  with  electromagnetic  method.  The  circuit  of 
standard  j et-ed ge-s lid e- val ve  amplifier  with  electromagnetic  control 
is  represented  in  Fig.  154.  The  rotation  of  tube  1 is 
realize/accomplished  with  the  aid  of  electromagnets  2.  Combining 
nozzles  3 are  connected  with  the  right  and  left,  cavities  of  the 
actuating  cylinder  of  basic  valve  4,  of  the  manager  performing 
hydraulic  engine. 


Jet-edge  amplifier  with  derivative  control 
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For  an  increase  in  the  stability  of  servomechanism,  are  applied 
the  circuits  of  servo  slide  valve  with  the  jet-edge  amplifier, 
controlled  on  derivative  (Fig.  155).  Liquid  from  tube  (nozzle)  2 is 
headed  not  directly  for  the  hydraulic  cylinder  of  5 drive  of  basic 
valve  1,  but  through  cylinder  4 the  so-called  P I device  (see  also 

Fig.  145).  In  fr^e  position  the  piston  of  P I device  is 
establish/installed  by  spring  B. 


Page  207. 

Let  us  assume  that  jet  pipe  2 on  with  the  action  of  steerirq 
signal  input  and  spring  1 moved  to  the  left  and  liquid  began  to  enter 

the  right  cavity  of  the  cylinder  of  4 P I devices,  displacing  its 
piston  and  causing  the  admission  of  liquid  into  the  cylinder  of  5 
basic  valve.  To  the  exchange  of  valve  7,  jump/drop  in  the  piston 
pressure  of  P I device,  caused  by  compression  of  spring  8,  causes  the 

overflowing  of  oil  through  throttle/choke  5 of  the  right  cavity  into 
left.  After  this  piston  under  spring  effect  8 will  return  into  ‘re« 
position,  the  liquid  which  is  past  through  throttle/choke  5,  will 
move  the  piston  of  valve  and,  consequently,  also  nozzle  2 at  new 
position  (shown  broken  lines).  Lever  .7  is  supplementary  feedback. 
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Selection  of  the  operational  characteristics  of  jet-edge  amplifier. 


The  relation  of  diameter  d0  intakes  in  distributive  unit  (see 

Fig.  153a)  to  the  diameter  of  the  dc  of  the  outlet  of  the  nozzle  i 
usually  equal  of  djdc  — 1,4. 


The  distance  between  the  section/shear  (end/face)  of  nozzle  and 
intakes  in  distributive  unit  for  the  hydraulic  devices  is  usually 
equal  of  4 dc. 


The  diameter  of  intakes  c in  one-stage  amplifiers  is  equal  in 
the  majority  of  constructions  d0  = 2-2.5  mm  the  diameter  of  the 
nozzle  of  dc  — l,5a-2  ram-  The  distance  between  intakes  in  the  majority 

of  constru  ct  ion  s is  0.2-0. 5 mm.  With  the  indicated 
relationship/ratios  of  size/dimensions,  the  nozzle  in  the 
av era ge/mea n (neutral)  position  of  tube  does  not  overlap  intakes.  In 
some  constructions  is  accepted  the  dependence 
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2d0  + s dc. 


The  s ize/dimension  of  the  outlet  of  nozzle  is  selected  taking 

into  account  the  provision  for  the  required  uower  of  levice, 
whereupon  by  two-stage  devices  the  size/dimensicn  of  this 
opening/aperture  usually  does  not  exceed  0.5  mm. 

Page  208. 
chapter  v. 

Circuits  of  Standard  Hydraulc  Systems  their  ‘^■hl/elements  and  baric 
calcu lations. 

CIRCUITS  OF  STANDARD  HYDRA'JLIC  SYSTEMS. 
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The  hydraulic  system  consists  of  energy  source,  such  usually 
appears  pump,  actuating  mechanism  (actuating  cylinder  or  hydraulic 
motor),  and  also  the  equipment  for  control  of  the  fluid  flow  and 
protection  of  system  from  overloads.  Specifically,  necessary  for  th^ 
majority  of  hydraulic  systems  apparatus  is  the  distributor  of  liquid, 
in  function  of  which  enters  the  provision  for  a direction  of  fluid 
flow  to  the  working  cavities  of  actuating  mechanism.  In  complex 
systems  can  be  applied  several  actuating  mechanisms  an3  energy 
sources,  and  also  automatic  control  units,  a control  and  an  automatic 
effect  on  the  law  of  the  motion  of  the  exit  component/1  ink  of 
hydraulic  engine. 

The  systems  of  any  complexity  are  completed  from  elementary 
systems  and  their  combinations.  In  view  of  the  practical 

un lim it ed ness  of  the  possible  combinations  of  such  elementary  systems 
from  which,  are  completed  the  more  complex  hydraulic  systems  of 
diverse  machines  and  installations,  let  us  be  limited  only  to  the 
description  of  the  most  standard  network  elements  and  their 


combinations  which  are  applied  practically  in  all  machines. 
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Figure  156  depicts  the  standard  circuit  of  hydraulic  system  with 
adjustable  pump  3,  rotated  with  electric  motor  ft,  with  three-position 
fourway  distributor  (valve)  2 with  the  manual  control  with  the  aid  of 
which  is  realize/accomplished  the  reverse  of  the  piston  of  actuating 
cylinder  (hydraulic  engine)  1.  In  the  mid-position  of  distributor  2, 

all  its  channels  are  connected  with  tank  5,  which  corresponds  to  t 
idling  (discharging)  of  pump  and  to  the  "floating"  state  of  piston. 

Pump  3 is  supplied  by  filter  4,  establ ished/installed  on  inlet 
tubing,  and  by  safety  valve  6. 


Figure  157  depicts  the  circuit  of  hydraulic  system  with  tne 
adjustable  t.hrottle/chokef  est.  abl  is  hed/ inst  al  led  in  the  line  or  feed 
(at  entrance).  In  circuit  provided  for  the  con nect ion/compoun d of  *■ : 

cavities  of  cylinder  (see  also  Fig.  27a  28  and  45d) , for  providing 
what  is  applied  the  meltted  down  with  the  aid  of  detents  4 on 

stock/rod  cylinder  (or  the  connected  with  it  any  part)  fourway  switch 

5. 

System  switches  on  uncontrolled  pump  9 with  safety  valve  7, 
th  ree -posi  tior.  fourway  distributor  6 with  manual  control,  adjus*-abl< 
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throttle/choke  2 and  two-position  switch  S with  drive  fron.  detent  4 
of  driving  stock/rod  of  actuating  cylinder  3 and  with  unit  in  the 
initial  (upper)  position  under  spring  effect. 
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ib.  Circuit  of  standard  hydraulic  system  with  the  adjustable 


7.  Hydraulic  system  with  the  throttle  governor  of  speed. 
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In  the  mid-position  of  distributor  6,  presented  in  Pig-  157,  all 
its  channels  are  connected  between  themselves  and  with  tank,  which 
corresponds  the  discharging  of  pump  and  the  "floating"  of  piston. 


The  position  of  distributor  in  its  left  position  (liquid  enters 

the  being  intersected  channels  of  the  right  field  of  distributor) 
corresponds  to  the  piston  stroke  of  actuating  cylinder  3 to  the  right 

(liquid  from  pump  enters  left  cavity),  whereupon  in  this  position  of 
distributor  b and  of  embedded  switch  5 liquid  both  from  the  pump  and 
from  the  nonoperative  (right)  cavity  of  cylinder  3 it  enters  its  left 
cavity  (the  effective  area  of  cylinder  in  this  case  s the  sectional 

area  of  stock/rod)  , which  corresponds  to  the  quick  traverse  of  piston 
to  the  right  (see  also  Fig.  28a)  . After  the  pressure  of  detent  4 
switch  5 will  cease  itself,  it  under  spring  effect  will  move  upward 

and  will  cut  off  the  left  cavity  of  cylinder  3 from  the  right,  after 
connecting  the  latter  through  distributor  5 with  tank  8.  As  a result 

into  the  left  cavity  of  cylinder  3,  will  enter  only  the  liquid, 
passing  through  adjustable  thr ott le/choke  2,  which  corresponds  to  the 
adjustable  power  stroke  of  piston  3. 

During  the  setting  up  of  distributor  6 at  the  right  position, 
the  liquid  from  pump  9 enters  with  unmounted  switch  5 into  the  right. 
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cavity  of  cylinder  3,  realize/accomplishing  a back  stroke  of  piston. 
In  this  case,  the  liquid,  displaced  from  the  left  cavity  of  cylinder 

3,  enters  through  throt tle/choke  2 and  check  valve  1 into  tank. 


With  pressura  in  this  case  switch  5,  channel  of  puiup  will 
over  1 ap. 


Figure  158a  depicts  the  circuit  of  hydraulic  system  with  the 
actuating  cylinder  of  1 one-sided  action  and  adjustable  pump  4.  The 
hydraulic  systam  is  controlled  by  three-stage  two-position 
distributor  2 with  hand  drive.  For  a preservation  from  overloads,  ^ne 
system  is  supplied  by  safety  valve  3. 
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in  the  position  of  distributor  2,  presented  in  Fig.  15Ra,  ‘•he 
liquid  from  pump  enters  actuating  cylinder  1.  The  line  of  tank  in 
this  case  is  overlapped.  In  moviny  distributor  at  opposite  position, 
the  outlet  duct  of  pump  4 overlaps,  and  cylinder  1 is  connected  with 
tank,  as  a result  the  piston  under  the  action  of  the  weiyht  of  the 
given  node  is  omitted  down.  The  speed  of  depression  is  regulated  wi*-h 
the  aid  of  the  throttling/choking  of  the  abstract/removed  liquid  by 
distributor  2. 

During  application/use  in  the  last/latter  schematic  of  three-way 
three-position  distributor  (Fig.  158b)  it  is  possible  to  ensure  ir. 
its  average/mean  position  the  closiny  of  liquid  in  actuating  cylinder 
1 (for  the  retention,  for  example,  of  the  lead  in  the  built  up 
position)  during  the  simultaneous  conn ect ion/compound  of  pump  4 w ir h 
tank. 

Hydraulic  systems  with  two-stage  intensification. 

In  automatic  systems  are  common  the  two-stage  distributors,  in 
which  the  setting  device  affects  the  distributor  not  directly,  but 
through  the  intermediate  auxiliary  distributor  (pilot),  thanks  to 
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which  it  is  possible  it  is  substantial  to  lower  the  power  of  signal 
(see  Fig.  SO)  . 

The  schematic  of  hydraulic  system  with  actuating  cylinder  1, 
equipped  with  a similar  two-stage  distributor,  which  consists  of 
basic  2 and  auxiliary  3 fourway  valves,  is  represented  in  Fig.  159. 
System  is  supplied  by  adjustable  pump  6,  and  also  protective  5 and 
reverse/inverse  4 by  valves.  Basic  t hree~ posi ti on  fourway  distributor 
2 with  the  negative  overlap  of  channels  in  the  mid-position  of  M.is 
auxiliary  distributor,  presented  in  Fig.  159,  the  wording  cavities  of 
the  cylinders  of  the  servodrive  of  the  basic  distributor  are 
connected  between  themselves  and  with  tank  7.  As  a result  this 
distributor  is  establish/installed  under  spring  effect  in  the 
mid-position  by  which  all  its  channels  arc  connected  with  tank,  which 
corresponds  to  the  discharging  (translation/conversion  into  th<? 
mode/conditions  of  idling)  of  pump. 
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motions. 
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The  diagram  of  analogous  system  is  represented  also  in  Fig.  160. 
System  is  supplied  by  uncontrolled  pump  6 with  the  manual  discharginj 
(translation/conversion  of  pump  into  idling),  tealize/accomplishcd 
with  the  aid  of  two-stage  two-pass  distributor  (switch)  7.  Reversing 
the  piston  stroke  of  actuating  cylinder  1 is  real ize/accom pi is hed 
with  the  aid  of  the  detents,  estab lished/inst a 1 le d on  its  stock/rod, 
acting  on  fourway  two-position  distributor  5,  which  ensures  the 

changeover  (reversing)  of  basic  fourway  two-position  distributor  3. 
The  switching  rata  of  distributor  3 is  limited  by  t.  hrot  t le/cho  kes  2 
and  4 . 


Hydraulic  systems  of  continuous  (oscillatory)  motion. 


In  a number  of  cases  (in  the  machine  tools,  etc.)  it  is  required 
to  ensure  the  continuous  (oscillatory)  rectilinear  or  rotary  motions 

of  performing  hydraulic  engine. 


The  diagram  of  this  hydraulic  system  with  the  hydraulic  °nginr 
of  rotary  action  (moment  hydraulic  cylinder)  4 is  given  in  Fig.  Ibl. 
Control  of  system  is  r ealize/accom pi ished  by  the  automatical ly  act  u ; 
two-position  distributor  by  2 and  discharging  sequence  valves  6 and 
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11  with  control  with  the  aid  of  the  pressure  of  the  liquid,  passed  ry 
safety  valves  5 and  7 at  the  end  of  each  course  of  rotary  piston. 


In  the  position  of  the  apparatuses  of  system,  presented  in  Fig. 
161,  the  liquid  from  adjustable  pump  1 comes  through  the  two-position 
hydro-controlled  distributor  2 and  pressure  main  3 in*-o  cylinder  4 
and  is  driven  out  from  the  latter  into  the  tank  through  main  line  8. 
At  the  end  of  each  piston  stroke  of  rotary  cylinder  4,  valve  7 as  a 
result  of  a pressure  increase  will  pass  liquid  into  line  10  controls 
of  distributor  2 and  by  valve  11,  moving  their  working  cell /elements. 
In  this  case,  valve  11  connects  the  control  line  9,  connected  with 
the  upper  cavity  of  distributor  2,  with  tank  as  a result  of  which 

distributor  2 is  changed  over,  connecting  pump  with  main  line  d,  ♦ .hat 
drives  into  the  opposite  cavity  of  cylinder  4.  In  this  case,  occurs 
the  reverse  of  the  latter,  whereupon  at  the  end  of  the  course  of 
cylinder  enter  into  action  the  same  sequence  protective  6 and 
discharging  6 valves,  which  ensure  the  repetition  of  th“  reverse  of 
piston. 


The  examined  diagram  is  used  also  for  the  rotary  oscillatory 


motions  of  the  cylinder  of  rectilinear  motion 


Pages  212-23^. 

Hydraulic  systems  with  electromagnetic  control. 


Fig.  162.  Hydraulic  systems  with  electrohydraulic 
control . 
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the  wide  development  of  hydro- automation  contributed  application/use 
in  distributive  and  other  command  hydraulic  eguipment/devices  of 
electromagnetic  (solenoid)  drive.  Are  applied  systems  with  one  (Figs. 
162a)  and  two  (Fig.  162b)  electromagnetic  actuators  of  the  movable 
cell/element  of  distributor.  The  return  to  the  initial  position  of 
distributor  in  diagram  in  Fig.  162a  is  realized  by  a spring. 


Governing  electric  signal  in  systems  with  distributor  wi'-h 
electromagnetic  actuator  usually  is  supplied  with  different  means  to 
end  electric  switches  (for  example,  to  the  limiters  of 
displacement/movement)  1 (Fig.  162a),  adjusted  consecut  i ve  1 v in  the 
electrical  circuit  or  launc'nir.g/st  arting,  and  by  the  disconnection  or 
the  effect  of  operating  pressure  on  the  sensors  in  the  diagram  as  or. 
the  subsequent  diagrams,  are  not  shown). 

The  circuit  diagram  of  pressure  relay  1 into  hydraulic  hydraulic 
system  over  the  fixture  of  relay  it  breaks  the  feed  circuit  of 
electromagnet  2,  as  a result  the  spring  translate/transfers 
distributor  into  the  initial  position.  With  the  aid  of  springs  occurs 
the  setting  up  of  distributor  to  the  mid-positicn  and  in  the 
diagrams,  presented  in  Fig.  162fc  and  d. 


L A 


DOC 


77200 109 


PAGE 


Limit  switch  frequently  is  combined  with  pressure  relav  (Fig. 

1b2d)  . The  reverse  of  the  piston  stroke  of  actuating  cylinder  in  this 
system  is  realized  by  end  switch  2,  which  aifects  the  latent  of  the 

stock/rod  of  actuating  cylinder.  The  pump  is  d isconnect /t  u rr.ed  off 
(it  is  translate/transferred  into  the  mode/cond  it  ions  of  idling)  by 
the  pressure  relay  1,  which  disrupts  at  the  termination  of  piston 
stroke  the  electrical  feed  circuit  of  the  magnets  of  distributor  3, 
as  a result  it  by  internal  springs  is  establish/installed  in  the 
mid- position,  in  which  the  cavities  of  cylinder  overlap  (tlv-y  are 
blocked),  and  the  line  of  pump  is  connected  with  tank.  Figure  163 
depicts  the  schematic  diagram  of  the  hydraulic  system,  in  which  the 
disconnection  (discharging)  of  pump  4 is  realized  by  an 
elect  romagnetic  two-pass  distributor  (bypass)  3 at  the  signals  of 
elect rohyira ulic  relay,  page  213. 
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Fig.  163,  Hydraulic  system  with  the  disconnection  of  pump  by 
elect rohyd rauli c pressure  relay  and  end  switches. 


Fiq.  164.  Hydraulic  system  with  control  with  the  aid  of  limit 
switches  and  pressure  relay.  End  electric  switches  2 are  given 

here  into  action  by  detents  on  the  stock/rod  of  actuating  cylinder  1 
and  the  plunger  of  distribution  valve  6 or  with  the  aid  of  pressure 
relay  t,  connected  to  the  delivery  line  of  pump. 


The  diagram  of  hydraulic  system  with  two  pumps  and  the  actuating 
cylinders,  controlled  by  limit  switches  (limiters  on  position)  12  ard 
11  and  to  pressure  relays  7 and  9,  is  represented  in  Fig.  164.  System 
is  equipped  by  two  paired  pumps,  one  of  which  (6)  supplies  cylinder 
10,  which  fulfills  auxiliary  functions  (for  example,  the  cylinder  of 
the  mechanism  of  the  terminal  of  article  in  machine  tool),  ani  the 
second  (c)  it  supplies  basic  working  cylinder  1.  In  the  mid-position 
of  Jistributor  3 and  upper  positions  of  two-pass  distributor  (bypass) 
8 with  elect r omag no  tic  actuator  both  pumps  are  connected  w it h tank. 


During  the  changeover  of  distributor  i into  one  of  the  end 


positions  pump  6 supplies  liquid  to  the  appropriate  cavity  of 
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cylinder  10.  At  the  end  of  the  piston  stroke  of  cylinder  10  detent 
its  stock/rod  affects  disconnection  switch  11,  with  the  aid  of  which 
is  included  the  feed  circuit  of  the  electr o magnet  of  distributor  3, 

of  the  manager  cylinder  i.  since  the  pressure  in  cylinder  10  at  the 
end  of  the  course  grow/rises,  wear/operates  pressure  relay  9,  wnich 
breaks  the  feed  circuit  of  tne  » lectromagnet  of  distributor  3,  which 
under  spring  t-ftect  is  establish/installed  in  the  mid-posi  t ion , which 
corresponds  to  dischar ging  p u m j 5.  The  velocity  of  the  foreward 
stroke  (course  to  the  right)  of  cylinder  1 is  regulated  by 
throttle/choke  4. 


one  of  the  widespread  systems  of  system  with  control  of  end 
electric  switches  and  electromagnets  is  given  in  Fig.  165.  The 
reverse  of  the  piston  of  actuating  cylinder  1,  and  also  the 
conr.ec  tion/i  nc  1 usi  on  and  the  d isconnect  ion  of  adjustable 
t hrot  1 1 n/ch  JkJ  5 are  realized  Kerr  by  two  two-position  two-pass 

distrilutors  by  4 and  6,  controlled  end  switches  2 and  3 from  "the 
detents,  established/installed  on  the  stock/rod  of  actuating 

cylinder.  Page  214. 
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Fig.  165.  Hydraulic  system  with  electric  control  from  limit  switches. 


Fig.  166.  Hydraulic  system  with  two-stage  elect  romagnet  ic  con' rol  and 
limit  switches.  In  the  position  of  these  distributors,  presented  in 
Fig.  165,  both  cavities  of  actuating  cylinder  1 are  connected  between 
themselves  through  the  channels  of  distributors  u and  6,  as  a result 
into  the  left  cavity  of  cylinder  enters  both  liquid  from  pump  and  the 
liquid,  displaced  from  the  right  cavity  of  this  cylinder  (see  also 
Fig.  45d) . This  position  of  distributors  corresponds  to  the 
accelerated  piston  stroke  of  cylinder  to  the  right. 


The  speed  of  the  displacement/moveme n t of  piston  and  the 
developed  with  it  effort/force  are  determined  by  the  sectional  area 
of  stock/rod. 


During  the  changeover  of  distributor  6 to  the  upper  position, 
realised  by  one  of  end  switches  1,  the  left  cavity  of  cylinder  1 is 
connected  with  tank,  as  a result  the  piston  will  be  mixed  to  the 
left.  The  piston  speed  and  the  developed  with  it  effort/force  are 
determined  by  the  sectional  area  of  cylinder  from  stock/rod. 
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In  certain  intermediate  position  of  stock/rod  its  detent  acts  on 
end  switch  2,  the  clutch  maynet  of  distributor  4,  which  is 
establish/installed  in  the  right  position  and  overlaps  the  bypass 
channel  of  throttle/choke  5,  as  a result  the  liquid  will  be  be  able 
to  driven  out  from  the  right  cavity  of  cylinder  only  through 
throttle/choke  5.  This  position  of  distributor  4 corresponds  to  the 
adjustable  working  piston  stroke  of  the  cylinder,  with  which  it  will 
develop  the  same  af fort/force,  as  in  the  preceding  case,  but  * he 
speed  will  be  determined  by  the  control  of  throttle/choke  c>. 


Electromagnetic  control  has  special  advantages  whan  using  the 
two-stage  distributors,  in  which  the  electromagnet  sets  in  motion  the 
distributor  or  first  stage  of  intensification  (pilot).  In  view  of  the 
tact  that  in  this  case  can  be  applied  the  miniature  distributor,  the 
power  of  electric  signal  for  a control  can  be  lowered  to  negligibly 
low  value. 


The  diagram  of  the  hydraulic  system,  controlled  by  end  electric 
switches  and  two-stage  distributor,  is  represented  in  Fig.  16f'.  Th*^ 
steering  or  the  piston  of  actuating  cylinder  1 is  reali?.ed  by  end 
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electric  switches  2,  which  feed  the  electromagnets  of  auxiliar 
(pilot)  di  stri  hut  or  4,  of  the  manager  basic  distributor  3 with 
hydraulic  changeover.  To  the  extreme  positions  of  distributor 
corresponds  power  supply  of  one  of  the  cavities  of  cylinder  1. 
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Pig.  1t>7.  Hydraulic  system  with  the  adjustable  reversivp  pump.  During 
the  setting  up  of  distributor  4 to  the  mid  - po  si  tion , realized  by 
springs  during  ds- ener gizing  its  electromagnets,  in  the  mid-position 
is  establish/installed  also  basic  distributor  3,  blocking  (cutting 
off)  in  this  case  of  liguid  in  both  cavities  or  actuating  cylinder  1 
and  record/fixing  its  piston. 


Upon  the  switching  on  of  the  electromagnet  of  two-pass  switch 
(distributor)  7 lino  of  the  hydraulic  steering  or  safety  valve  5 is 
connected  with  tank,  as  a result  this  valve  is  convert?)  into 
overflow,  connecting  pump  6 with  tank  (pump  comes  into  action  in  the 
mode/conditions  of  idling). 


El ect rohyd rau lie  systems  with  the  adjustable  pump. 


To  hydraulic  systems  with  two-stage  elect.1  ohydraulic  control  is 
related  the  system  with  the  adjustable  reversive  pump  whose  reverse 
is  realized  by  the  servodrive,  controlled  by  e lec  t r oh  yi  r a u 1 ic 
distributor.  A similar  diagram  of  hydraulic  system  with  the  reversive 
adjustable  pump  2 and  hydraulic  steering  of  productivity  on  the 


I 


position  of  the  piston  of  9 servourive  is  represented  in  Fig.  167. 
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System  is  equipped  by  booster  pump  5,  which  feeds  the  control  system 
(control)  of  the  feed  of  the  basic  working  pump,  and  which  also 
realizes  his  makeup.  Signal  for  the  feed  reverse  of  pump  2 enters 
from  auxiliary  fourway  t nree- posit  ion  distributor  3 with 
electromagnetic  control,  which  obtains  electric  signal  from  the 
appropriate  command  equipment/device  of  the  system  of  automation. 


During  reversing  pump  2 simultaneously  is  changed  over 
two-position  fourway  distributor  4 with  hydraulic  steering  to  rhe 
power  supply  by  the  booster  pump  of  5 corresponding  suction  cavity  of 
pump  2 . 


Pump  2 is  equipped  by  safety  valves  7 and  8,  adjusted  to  the 
required  pressures  with  the  direct/straight  and  reverse/inverse 
piston  strokes  of  cylinder  1,  while  pump  8 - by  safety  valve  ft, 
adjusted  to  the  pressure,  necessary  foL  meeting  requirements  tor  the 
control  system  and  makeup. 


Hydraulic  systems  with  two  paired  pumps. 


1 
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In  a number  of  machines,  in  particular  in  the  machine  tools,  are 
common  the  diagrams  with  two  paired  pumps,  cne  of  which 
(uncontrolled)  works  on  the  low  pressure,  which  requires  for 
providing  the  accelerated  idliny,  and  the  second  (adjusted)  works  on 
the  high  pressure,  which  corresponds  to  working  strokes. 

The  simplified  diagram  of  this  system  is  given  in  Pig.  168.  The 
quick  traverse  of  piston  is  ptovid-a  by  the  total  teed  of  two  pumps 
of  high  (2)  and  low  (3)  pressures.  At  the  termination  of  quick 
traverse  pump  3 by  iiand  or  automatically  over  the  signal  of  pressure 
is  disconnected  (in  the  diagram  in  question  this  d i sconnec tion/cu t of f 
is  realized  with  the  aid  of  discovery/opening  pet  cock  4 by  hand), 
whereupon  the  power  supply  of  cylinder  1 is  provided  by  one  oump  2, 
which  in  the  majority  of  diagrams  is  fulfilled  that  which  is 
adjusted.  Page  216. 
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Fiy.  168.  Diagram  of  system  with  two  paired  pumps  of  high  and  low 
f res  s- u re. 


Ficg.  1t>9.  Diagrams  of  hydraulic  systems  with  two  paired  pumps  and  gas 
storage  tank. 
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Fig.  170-  Diagram  of  hydraulic  system  with  two  paired  pumps  and  the 
actuating  cylinder  of  one-sided  action. 

Fiq.  17  1.  Diagram  of  hydraulic  system  with,  two  adjustable  pumps. 
Figure  1fc9a  shows  *he  schematic  diagram  of  a similar  hydraulic  system 
of  the  power  supply  of  users  by  two  paired  pumps  5 and  6 with 
automatic  changeover.  Until  piessure  in  the  line  of  3 users  achieves 
the  assigned  value,  at  which  is  adjusted  the  return  spring  of 
two-p^ss  distributor  (switch)  1,  the  channels  of  the  latter  will  be 
overlapped,  and  into  line  3 enters  liquid  from  both  pumps.  At  *he 
assigned  pressure,  determined  by  the  character! stic  of  tha  soring  of 
switch  1,  *he  low-pressure  pump  ft  automatically  will  be  switched  to 
tank,  pump  5 with  the  aid  of  check  valve  2 it  will  disconnect  from 
switch  1 and  will  continue  the  power  supply  of  hydraulic  system.  The 
pressure,  developed  in  this  case  with  pump  S,  is  limited  by  safety 
valve  4. 


The  schematic  diagram  of  a similar  hydraulic  system  is 
represented  in  Fig.  169b.  This  diagram  differs  from  in  of  tne 

examined  above  fact  that  the  d isconnect ion/cutcff  of  the  pumn  of  6 
low  pressure  is  realized  by  the  electrohydraul ic  pressure  relay  7, 
which  feeds  at  the  assigned  pressure  signal  on  el octroma gn et ic  switch 


p 
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and  one-sided  actuating  cylinder  is  represented  in  Fig.  17  0.  Pump  4 
of  this  system  is  designed  to  work  with  high,  while  pump  3 is 

designed  at  low  pressure,  system  is  equipped  by  t hree- p osi t i on 
three-way  distributor  f>  with  manual  control  and  two  valves,  one  of 
which  ( S ) is  the  safety  valve  of  high-pressure  4 pump,  and  the  second 
(2),  controlled  by  the  pressure  of  pump  4,  by  the  relief  valve,  which 
changes  over  with  that  which  was  assigned  pressures  to  tha  assigned 

value  cylinder  is  supplied  by  both  pumps.  Upon  reaching  of  the 
pressure  of  the  control  of  relief  valve  2 pump  3 automatically  is 
changed  over  to  tank  and  the  further  power  supply  of  cylinder  1 it  is 
realized  only  by  adjustable  high-pressure  4 pump,  tor  a 
disco nnect ion/euto t f in  this  case  of  pump  4 from  tank  is  applied 
check  valve  7. 


Figure  171  depic+s  ♦ he  diagram  of  hydraulic  system  with  two 
pumps  of  the  al ter nat i ng/ va r ia b le  feed  with  electric  drive  % one  of 
which  (4)  low  (large  feed),  and  ♦he  second  (6)  high  (fine  feed) 
pressure.  Pumps  are  equipped  ly  M,*-  mechanisms  of  7 control  o:  feed 
on  pressure.  In  the  position,  presented  in  Fig.  by  17  1,  pump  4 is 
switched  to  tdrik,  and  pump  h supplies  ♦ he  left  cavity  or  actuating 
cylinder  1.  During  the  changeover  or  e loc t romaq ne t ic  distributor  2 to 

the  second  position  occurs  the  reverse  of  actuating  cylinder  1. 
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In  the  left  position  of  distributor  3 with  tank  is  connected 
pump  6,  and  pump  4 supplies  through  distributor  2 actuating  cylinder 

1. 


Power  supply  by  one  pump  of  two  hydraulic  engines  with  different 
f ressure  s. 


Figure  172  depicts  the  diagram  of  nydraulic  system  with  on«  pump 
3 and  two  actuating  cylinders  1 and  6,  one  of  which  (cylinder  6)  is 

designed  *o  work  with  the  external  load  (pressure)  , considerably 
smaller  than  the  load  of  second  cylinder  ( 1)  . 


For  a decompression  in  the  power-supply  system  of  cylinder  6 to 
the  required  value,  is  applied  the  reduction  valve  (see  Fig.  72), 
established/installed  on  the  inlet  into  distributor  S.  Pump  3 is 
equipped  by  safety  valve  2. 


Hydraulic  systems  with  rotor  hydraulic  engines  (hydraulic 
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motors)  do  not  differ  in  principle  from  hydraulic  systems  with 
actuating  cylinders.  The  control  of  speed  is  realized  i y a chok*-*  or 
volumetric  method. 


Systems  of  the  throttle  control  of  the  speed  ol  hydraulic  motor. 

The  given  information  on  throttle  control  with  actuating 
cylinder  is  valid  also  for  hydraulic  systems  (hydraulic  drive)  with 

the  hydraulic  motors  of  rotary  motion. 

In  the  latter  case  only  one  should  consider  some  specific 
peculiarities  associated  with  the  possibility  of  ♦die  emergence  of  the 
large  forces,  caused  by  the  high  accelerat rcns  cf  the  shaft  of 
hydraulic  motor  in  transient  conditions.  Accelerations  usually  are 
checked  oy  the  special  automatic  adjustable  braking  valves,  adjusted 
on  the  gutter  of  motor.  Page  218. 


J 


Fiy.  173.  Diagram  of  hydraulic  system  with  the  hydraulic  motor 
adjusted  by  differential  valve. 

Fiy.  174.  Diagram  of  hydraulic  system  with  hydraulic  motor  anl 


throttle  control. 
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Figure  17J  depicts  cno  of  the  schematics  of 
the  throttle  control  of  hydraulic  motor  2.  System  is  supplied  by  th<*- 
pump  of  1 constant  feed  with  teed  control  by  overflow  differential 
valve  f> , controlled  depending  or.  the  drainage  pressure  of  motor  (see 
also  Fig.  114).  At  output/yield  from  hydraulic  motor  2 are 
established/installed  braking  valve  4 and  adjustanle  throttle/choke 
S.  During  the  increase  in  the  resistance  of  throttle/choke  'S,  caused 
ty  an  increase  in  the  velocity  of  motor,  changes  (it  increases)  the 
resistance  of  braking  valvt  4 (inner  valve  is  omitted  down)  an  i 
simultaneously  automatically  changes  (it  decreases)  the  pressure  of 
the  adjustment  of  differential  safety  valve  6,  established/installed 
on  output/yield  from  pump. 

Besides  braking  valve  at  output/yield  from  motor  is 
established/installed  also  safety  valve  3,  adjusted  to  prassure 
higher  than  that,  to  which  is  adjusted  braking  valve  4. 

The  diagram  of  the  simpler  system  of  throttle  control  (with  pump 
3 of  constant  feed)  is  represented  in  Fig.  174.  The  exit,  velocity  of 
hydraulic  motor  1 here  changes  with  adjustable  th rot 1 1 ?/ch ok « 2, 
establ  ished/instal  led  in  parallel  with  hydraulic  motor,  with  the  add, 
of  this  throttle/choke  part  of  the  feed  of  pump  is  discarded  (it.  is 
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abstr  act/r  emo  vod)  into  tank  (see  also  Fig.  102d). 

Systems  of  the  volumetric  control  of  the  velocity  of  hydraulic  motor. 

In  connection  with  the  fac*-  that  the  tnrottle  control  of  the 
drives  of  rotaiy  motion  in  question  is  accompanied  as  the  control  of 
the  drives  of  rectilinear  motion,  by  loss  of  power,  is  obtained  the 
appl  icat  ior./use  of  a system  is  common  the  ccntrcl  system  of  the  °xit 
velocity  of  drive  with  the  use  d isplacment  pump  and  hydraulic  motor, 
one  of  which  or  both  are  machines  with  the  adjustable  working  volume. 

The  reverse  of  *he  output  shaft  of  hydraulic  motor  can  be 
realised  with  the  aid  of  distributor  or  the  reverse  of  the  feed  of 
pu  mp. 

The  hydraulic  system,  in  which  the  reverse  of  hydraulic  ®ofor  3 


is  realized  with  the  aid  of  distributor  2,  is  represented  in  Fig. 
175a.  In  diagram  is  applied  adjustable  pump  1.  In  the  mid-posi'ion  of 
distributor  2 all  its  channels  are  connected  with  tank. 
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Figure  175b  depicts  the  diagram  of  hydraulic  system  with 
irreversive  hydraulic  notor  1,  controlled  ty  distributor  3,  in 
function  of  which  enters  only  the  start  of  this  hydraulic  motor.  In 
the  drain  line  of  hydraulic  motor  1 is  est a fcl isbed/ inst a 1 led  braking 
safety  valve  2,  which  a u t omat  ica  1 1 y is  included  during  the 

t tans  lation/con version  of  distributor  1 into  the  position,  opposite 
presented  in  Fiy.  175b  (with  the  disconnection  of  the  power  supply  of 
hydraulic  motor  1).  In  this  position  the  pump  is  connected  with  tank, 
and  the  motion  of  hydraulic  motor  brakes.  Page  219. 
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Fiq.  175.  Hydraulic  systems  with  hydraulic  motors  and  slide-valve 
control . 


Fiq.  176.  Hydraulic  system  with  the  reversive  hydraulic  motor, 
controlled  by  t hr ee- posi t ion  fourway  distributor, 
the  pressure  of  braking  valve  conducts  from  the  condition  of  the 
absorption  of  the  kinetic  energy  of  the  rotating  parts  of  hydraulic 
motor  and  connected  to  it  mass  of  load.  In  the  position  of 
distributor  3,  presented  in  Fig.  175b,  the  drain  line  of  hydraulic 
motor  is  connected  with  tank. 

Figure  176  depicts  the  diagram  of  hydraulic  system  with  the 
reversive  hydraulic  motor,  controlled  with  the  aid  of  distributor  6. 
System  is  equipped  by  support  valve  5,  which  acts  in  the  work  of 
hydraulic  motor  in  both  directions.  For  this  providing  in  system  are 
two  check  valves  4.  This  system  is  applied  for  the  drive  of  the  rolls 
of  1 rolling  mill.  The  drive  of  rolls  1 is  realized  by  reversive 
piston  uncontrolled  hydraulic  motor  3 through  pinion  drive  2.  Power 
supply  is  realized  by  the  piston  pump  of  7 adjustable  feed,  giver  in 
rotat ion/revolution  electric  motor  9.  The  reverse  of  hydraulic  motor 
3 is  realized  by  fourway  three-position  distributor  6 with  manual 
control.  Pump  7 is  equipped  by  safety  valve  d.  Frequency  of  the 
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rotation/revolution  of  hydraulic  motor  in  similar  diagrams  usually 
S-  1 00  r/;n  i n . 

In  the  hydraulic  systems  or  automatic  control  with  reversive 
hydraulic  motor  widely  are  applied  t he  diagrams  with  electromagnetic 
control. 

on  e of  such  diagrams,  in  which  is  provided  also  braking 
hydraulic  motor  in  both  directions,  is  represented  in  Fig.  177.  For 
this  are  applied  differential  valves  10  and  1,  which  are  the 
combination  of  relief  valve  with  the  valve  of  counterpressure 
(braking),  controlled  by  pressure  p,r  at  the  inlet  into  hydraulic 
motor . 

The  reverse  of  hydraulic  motor  8 is  realized  by  fourway 
three-position  valve  fi  with  electromagnetic  control  and  return 
springs.  Upon  the  start  of  distributor  to  the  power  supply  of  main 
line  3 liquid  through  with  pressure  p,x  inlet  enters  through 
governing  main  line  11  to  controlled  relirf  valve  10,  holding  its 
gate  in  the  open  position,  in  which  the  liquid  from  hydraulic  motor  3 
enters  without  resistance  through  main  line  9 into  tank. 
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/j  it  h the  disconnection  of  electromagnets  valve  6 is 
establish/installed  by  return  sprinys  in  the  m id-  posit  i or.,  in  which 
pump  4 is  connected  with  tank.  Page  220. 
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Fiq.  177.  System  with  reversive  hydraulic  motor  and  braking  valves. 


Key : (1) . Tank. 


Fiq.  178.  Control  circuits  or  hydraulic  drive  of  rotary  motion. 


Key:  (1).  .*1  theory.  (2).  N theory^In  this  case  the  pump  works  only 

under  the  small  (3.5  kgf/cm^)  pressure,  created  by  support  val  vr-  5, 
necessary  for  the  elimination  or  the  air  suction  and  cavitation. 

Since  this  pressure  insufficiently  tor  the  ret*  ntion  of  the  gate  of 
13  relief  valves  10  in  the  opcr  position,  this  valve  acts  as  pressure 
(braking)  at  output/yield  from  hyaraulic  motor  9,  which  in  this  case 
as  a result  of  ta~>  inertia  of  its  rotating  parts  works  as  tump.  The 
output  resistance  from  hydraulic  motor  is  determined  by  ti*  control 
cf  the  spring  of  12  t w i^  valves.  The  cont r clled/inspeoted  trakinn  in 
the  work  of  hydraulic  motor  8 in  the  opposite  direction  is  realived 
with  the  iid  of  analogous  valve  1 whose  adjustment  conducts 
independent  of  valvr-  10.  Check  valves  2 and  7 serve  for  th» 

Iirect/st  r a ight  circulation  of  flow  into  the  circui  t/b  ypa  ss  or  valv-- 


1 and  10. 


in  machine-building  the  propagation  obtained  mainly  t (.• 
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hydraulic  systems,  tue  velocity  ana  the  reverse  of  hydraulic  motors 
in  which  it  is  realized  by  a feed  control  ct  pump  and  by  a change  in 
its  direction  (Fij.  178a).  In  these  systems  are  applied  bo*h  the 

uncontrolled  (Fig.  178a)  and  adjustable  (^lg.  17Rb)  hydraulic  motois. 

Are  applied  also  diagrams  with  those  which  are  adjusted  by  pump  and 

hydraulic  motor  (Fiq.  178c),  during  application/use  of  which  is 
expanded  the  range  of  the  control  of  velocity,  and  also  the 
possibility  of  the  selection  of  output  cha rac terist ics  of  drive  at 
the  torsional  moment  M and  according  to  power  N (Fig.  178)  . 


The  diagram  of  system  with  adjustable  reversive  pump  2,  the 
powered  by  electric  motor  by  1,  and  reversive  uncontrolled  hydraulic 
motor  b is  represented  in  Fig.  179a.  System  is  equipped  by  safety 
valve  by  8 and  check  valves  9 and  j,  which  ensure  the 
cor.nection/compouni  of  valve  8 with  the  reverses  of  pump  with 
delivery  line.  For  the  makeup  suction  barrels  from  tank  7 are  applied 
check  valves  4 and  6,  being  open/disclosed  unit  r action  pressure 
differences  and  vacuum  in  the  appropriate  feed  lines  of  pump. 

More  advanceed  is  the  system  with  the  enclose)  circulation,  in 
which  the  makeup  of  the  suctior  line  of  basic  (worker)  pump  j 
conducts  oy  auxiliary  (teed)  pump  1 (Fig.  179b),  overflow  valv-  of  2 
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ot  wuich  is  adjusted  to  small  (1-5  kgf/c m2)  pressure.  Page  221. 


2 


Kig.  179.  Diagrams  with  the  adjustable  pumps  and  rev^rsive  h yiraulic 
motors.  Because  of  the  applicat ion/use  of  a makeup  of  the 

suction  line  of  pump  under  pressure  is  provided  reliable  filling  wi*h 
the  liquid  of  its  chambers. 


The  theoretical  frequency  ot  the  rotation/revolution  of 
hydraulic  motor  calculate  for  this  case  from  the  condition  of  the 
equality  of  the  volumes,  described  by  the  working  cell/elements  of 
pump  and  motor  (by  pistons,  by  teeth,  by  blade/vanes,  »tc. ) per  unit 


time 
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Qt.  H~Qr*  or  qHn „ = qMnM, 


where  Qt.h~Qh'K  an'3  Qt.m^QJ1.*  ~ the  volumes,  described  by  the 
working  ce ll/elema nts  of  pump  and  hydraulic  motor  per  minute;  nH  and 
- the  frequency  of  the  rotation/revolution  of  pump  and  hydraulic 
motor  under  r/min;  </„  and  qM  - the  pump  displacements  and  hydraulic- 
motor  (calculated  feed  in  one  revolution)  . 


Hence  theoretical  frequency  of  the  r ot  at  ior./revolut  ion  of  the 


motor 
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on  the  basis  of  expressions  (b3)  and  (t>1)  it  is  possible  to 
write  for  those  which  were  distributed  in  the  hydraulic  systems  the 
piston  pump  and  the  motor  of  the  axial-piston  types 
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The  control  of  the  exit  velocity  ot  piston  typo  drive  realizes 
by  a change  in  the  eccentricity  ii  or  the  angle  of  th?  slope-  of  disk 
(see  course  "displacment  pumps  ana  the  hydraulic  engines") , which  ot 
pump  can  decrease  to  zero,  anu  of  hydraulic  motor  to  certain  minimum 
value,  after  which  the  mechanical  efficiency  of  hydraulic  motor 
sharply  is  reduced,  as  a result  hydraulic  motor  it  is  converted  into 
the  self-braking  system. 

With  the  control  of  the  exit  velocity  of  the  shaft  of  motor  by  a 
change  in  the  working  volume  qH  pump  with,  constant  worsina  volume 
motor  (see  Fig.  178a)  we  will  obtain  (see  expressions  (16)  1 wi  th  a 
constant  pressure  differential  of  liquid  alternating/variable  power 
and  the  constant  torsional  moment  Mr  on  «- he  shaft  of  hydraulic  mo*  or 
(losses  we  disregard),  while  with  the  regulating  of  tri2  working 
volume  of  motor  with  constant  pump  displacement  (see  Fig-  178b)  - 

constant  power  ana  the  alternating/variable  torsional  moment  Mr. 


In  machine-building  predominantly  are  applied  *he  drives  with 
the  adjustable  pump  and  the  uncontrolled  hydraulic  motor.  Page  222  . 


! ! M m 
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appears  under  the  action  of  the  applied  to  it  load,  velocity  on 
output  shaft,  is  proportional  to  the  feed  of  pump. 

During  the  application/use  of  a pump  and  motor  with  the 
adjustable  working  volumes  (see  Fig.  178c  it  is  expanded  the  range  of 
control,  and  also  the  possibility  of  the  selection  of  outpu4- 
characteri st ics  of  drive  on  the  torsional  moments,  powers  and  exit 
velocities.  Calculated  torq  ue/mome  nt  and  power  in  the  interval  of  the 
frequency  of  rotation/revolution  a of  hydraulic  motor  correspond  to 
the  regulating  of  pump  displacement,  also,  in  interval  of  b - to  the 
regulating  of  the  working  volume  of  motor.  If  the  exit  velocity  of 

drive  is  regulated  oy  a change  in  the  controlled  parameters  ot  pum[ 
ana  motor,  then  theoretically  similar  drive  will  have  the  unlimited 
frequency  band  of  the  rotat ion/r»voluti cn  - from  infinitesimal  to 
infinite  according  to  expression  (bj). 

However,  if  the  output  shatt  of  motor  is  loaded,  then  control 
can  be  carried  out  only  within  certain  limits  of  the  exit  velocities, 
outside  which  angular  velocity  will  riot  vary  in  proportion  *0  to  a 
change  in  the  controlled  parameter.  The  minimum  working  valuji  ' of 
motor  will  be  the  value,  a+  which  the  developed  with  it  torsioral 

moment  is  capable  to  overcome  both  frictional  resistance  in  motor  and 
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the  load,  applied  to  its  shaft. 

In  equal  measure  with  some  small  pump  displacements  Qs  the 
rotation/revolution  of  the  shaft  of  meter  can  cease  itself  due  to  the 
overflowing  of  liquid  from  the  working  cavities  of  pump  and  motor 
into  nonoperative,  and  also  due  to  its  leakages  into  reservoir.  This 
will  begin  at  this  value  or  the  controlled  parameter  of  the  pump, 
with  which  the  volume,  described  by  its  worning  cell/elements  uH,  in 
cne  revolution  will  be  equal  to  nydraulic  slipes  at  this  pressure  or 

otherwise,  when  the  volumetric  efficiency  of  pump  is  equal  to  zero. 
Hydraulic  drive  of  th<  rotary  action  of  constant  velocity. 

‘xamuiei  uive  of  ro^aiy  act  ion  can  be  also  applied  and  ir. 
such  :as»  wb  'i  • .-e  . , 1 1 y ♦ o mr  oaa*  ically  ensure  the  constant 
fr*  ju-ncy  i '♦  * 1 >•/ re  vol  ut  i on  ir.  l*’!  output  shaft  at  the  sweep 
frequency  oi  t hi  • >tat  ioa/rev*  Lut ion  or  puap  spindle.  Tha  similar 
cases,  , lit--  tha  bringing  into  ♦ho  r otat  ion/rovolut  i on 

of  t'  a-<  fef  r a * >i  of  the  aircraft,  frequency  of  th? 

rotat  id  wolutioi  ngii  which  t hey  ca I owes  a wide 

ra;.  (a : ;>rox  1 u*  ly  * ; l ) deprrlinq  on  flijht  conditions. 
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The  schematic  diagram  of  standard  hydraulic  drive  of  constant 
velocity  with  static  centrifugal  feed  regulator  is  given  ir.  Fig. 
180a.  Drive  consists  of  pump  3,  adjusted  on  aircraft  engine,  and 
hydraulic  motor  2,  output  shaft  of  which,  connected  with  load,  gives 
to  rotat ion/revolut ion  ball  governor.  Page  223. 
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Fia.  181.  Systems  with  the  synch ronous  moticn  of  two  actuating 
ET  (r  \ cV 

cylinders. j^During  a change  (disagreement/mismatch)  in  tiia  xit 
velocity  of  hydraulic  motor  connected  with  it  hall  governor  1 (Fig. 


180a  and  b)  affects  in  one  manner  or  the  other  the  inclined  washer  of 
rump  and  it  changes  angle  y its  slope/inclination,  anl  consequently, 
it  changes  the  feed  of  pump.  Virtually  in  the  majority  of 
constructions  ball  governor  moves  during  a change  in  the  frequency  of 
the  rotation/revolution  of  motor  6 (Fig.  180b)  the  plunger  of  the 
distribution  valve  of  2 control  systems  (Fig.  180a  and  b)  , wnich, 
supplying  liquid  to  one  cavity  or  the  ether  of  the  hydraulic  motor  of 
3 control  mechanisms  (angle  of  the  slope  of  washer  4)  of  pump  5 (Fig. 
180b),  reduces  disagreement/mismatch,  supporting  the  exit  frequency 
of  the  r°t at ion/re volut ion  of  the  hydraulic  motor  of  constant. 


1 


Provision  for  synchronism  and  sequence  of  the  motion  o'7  hydraulic 
engi nes. 

Ir  practice  frequently  it  is  required  to  ensure  the  synchronous 
motion  of  two  and  more  actuating  mechanisms. 


The  synchronization  of  the  motion  of  output/yield  if  *wo  and 
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more  cylinders  is  realized  in  the  majority  cf  cases  witn  th-  aid  of 
the  examined  above  throttle  governors  (limiters)  of 

expenditure/consumption.  The  schematic  diagram  of  a similar  system  is 
given  in  Fig.  181a.  By  the  control  of  limiters  (throttl-*  governors)  2 

and  l are  represented  possible  to  ensure  approximate  equality  or  the 
assigned  relationship  of  the  velocities  of  the  stock/rols  of 
synchronized  cylinders  1 and  4. 


with  the  back  stroke  of  cylinders  liquid  it  passes  through  the 
check  valves,  estaolished/inst ailed  in  the  housing  of  throstle 

governors  2 and  1. 


Figure  181b  depicts  the  diagram  of  system  with  the  division  of 
flow  with  the  aid  of  regulator  9 (divider /denominator  of  the  flow), 
in  which  the  thrott le/chokos  are  arranged  in  movable  choke  plunger  8. 
system  is  equipped  by  uncontrolled  pump  5 with  filter  6 and  safety 
valve  4.  Control  is  realized  by  th ree- pcsi tion  fourway  distributor  7 
(see  Fig.  Bid). 


back  stroke  (piston  stroke  of  cylinders  1 down)  is  not 
regulated,  for  which  system  is  equipped  by  check  valves  3,  through 
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which  the  fluid  flow,  displaced  from  cylinders  1,  is  headed  for  the 

circuit/bypass  of  regulator  (d iv ider/denom ina tor  of  flow).  For  the 
disconnection/cutoff  of  regulator  is  applied  pet  cock  2.  Pago  22*». 
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Fig.  1H2.  Systems  wLth  the  provision  for  synchronous  motion  of  -wo 
cylinders  iy  means  of  series  connection- 

Key:  (1)  . Tank.  (2)  . Pump.  ^ Are  applied  also  the  synchronizing 

circuits  of  two  and  more  cylinders  by  means  of  their  consecutive 
start.  Figure  182  depicts  the  schematic  of  a similar 
connection/compound  of  two  cylinder  1,  it  enters  the  right  cavity  of 
cylinder  2 in  the  position  of  distributor  3,  shown  in  Fig.  182. 


Assuming  that  the  hydraulic  slipes  are  absent  and  liquid  in  not 
compressed,  we  will  obtain  under  the  condition  of  the  equality  of  the 
clear  areas  of  cylinders  the  equal  speeds  or  the 
disp 1 acement/mo veme nt  of  pistons,  determined  from  the  expression 

Qn  = vlF1  = VtFt, 

where  Q„  - tne  feed  of  pump;  v,  and  v?  are  speeds  of  the 
displacement/movements  of  pistons;  F,  and  F 2 arc  sectional  areas  of 
cy linders. 


Since  Ft  = F2  we  have 


L 
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The  velocities  v,  and  v2  with  this  feed  QH  are  determined  in 
this  diaqrara  by  tne  working  sectional  area  of  one  cylinder;  however, 
the  pressure  P,  pump  in  this  case  is  determined  by  the  total  load  of 
both  cylinders  (P,  + p2),  i-e. , the  pressure  differentials  foi  each 

of  consecutive  e ju  i pine  nt/de  vices  are  summarized. 

Py  disregarding  friction  of  pistons  and  by  counting  drainage 
pressure  / - = 0,  we  will  obtain  for  the  t w o-cy  clinder  system 

Pi  = (Pi  “ Pi)  fl:  P2^PlFf 
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Floiti  these  expressions  it  follows 


PiFi  -P i 4-  pc;  Pi-p„  = 


Di  + Pt 
Pi 


is  coanon  also  the  method  of  providing  a sequence  of  the  action 

of  hydraulic  enyines  with  the  application/use  of  diagrams  with  the 
matching  h yd  roe s- a p pa  rat us,  which  wear/operate  at  the  signals  of 

pressure.  Tn«se  apparatuses  were  called  the  name  the  valves  of 
sequence  and  they  are  the  distributive  hy  d r oe  s- apuar  a4:  u s,  intended 
for  the  transmission  of  the  flow  ol  working  fluid  upon  reaching  of 
the  assigned  pressure  in  the  supplying  hydro-line.  A similar  diagram 
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of  the  hydraulic  system,  in  which  is  provided  the  assigned  sequence 
of  the  action  of  two  actuating  cylinders  (hydraulic  engines),  reached 
by  special  matching  valve  3 oi  series  connection,  is  renrasented  in 
Fig.  183a.  The  supply  of  liguid  into  the  first  cylinder  of  1 this 
diagram  conducts  directly  trot  distributor  (in  the  diagram  is  not 
shown),  but  in  second  cylinder  2 - through  matching  valve  3.  After 
the  pressure  rn  cylinder  1 will  be  raised  at  the  termination  of 
working  piston  stroke  to  the  value,  at  which  are  adjusted  the  spring 
ot  matching  valv-^  3,  its  plunger  will  move  and  will  discover  channel 
a of  the  power  supply  of  cylinder  2. 


Figure  183b  gives  the  diagram  of  the  hydraulic  system  of  a 
similar  designation/purpose  with,  throttle/choke  3, 
established/installed  in  the  feed  line  cf  first  cylinder  1.  The 
sequence  of  the  action  of  actuating  cylinders  1 and  2 in  this  iiagram 
is  provided  by  tho  fact  that  in  feeder  is  supported  because  of  “he 
presence  of  throttle/choke  3 jump/ drop  in  the  pressure  of  liguid, 
under  action  of  which  the  gate  of  matching  valve  4 is  held  in  the 
right  position,  in  which  it  overlaps  the  feed  line  of  second  cylinder 
2.  Page  228. 


lequential  action  of  two 


A 
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After  the  pressure  differential  on 

throttle/choke  3 as  a result  of  a pressure  increase  in  first  cylinder 
1 decreases,  the  gate  of  valve  4 under  the  action  of  the  increasing 
pressure  will  discover  channel  for  the  duct  of  liquid  in  second 
cylinder  2. 


Are  applied  t h“  liagrams,  in  which  tho  sequence  of  action  of 
actuating  cylinders  is  provided  me chan ical ly  with  the  aid  of  the 
pushers,  which,  affect  the  changeover  valve  s.  The  similar 
hydro-diagram,  in  which  the  sequence  of  motion  is  provided  both  on 
straight  line  and  on  back  the  strokes  of  actuating  cylinders  1 and  4, 
is  depicted  on  Fij.  104.  In  !e  position  of  distributor  5,  presented 
in  th“  diagram,  first  is  accomplished  the  working  stroke  of  first 

cylinder  1 and  only  after  at  the  end  of  its  course  by  detent  on 
stock/rod  will  discovered  matching  valv-’  2,  int-o  motion  come-s  t-  h-- 
piston  of  second  cylinder  4. 

During  a change  in  the  direction  of  fluid  flow  back  stroke  will 
accomplish  first  second  cylinder  4 and  only  at  the  end  of  its  course 
by  detent  it  will  no  incl ud^/con nected  second  matching  valve  3,  which 
includes  feed  in  first  cylinder  1. 
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In  many  instances  it  is  required  tc  arrange  distributors  ir  such 
a sequence  in  order  that  one  any  put  into  action  distributor  would 
overlap  fluid  flow  in  all  others,  arrange/located  after  it,  i.e.,  in 
order  to  exclude  the  simultaneous  work  of  several  d istr ibu *ors  and 
actuating  mechanisms. 


In  such  systems  the  outlet  duct  of  the  first  valve  is  connected 
with  the  inlet  duct  of  the  second  and  so  on.  The  diagram  of  a similar 
system  is  given  in  Fig.  IB'S. 


Tne  cavities  of  the  supplied  actuating  cylinders  (hydraulic 
engines)  in  the  mid-position  of  distributors  can  be  eithar  blocked 
(Fig.  185a),  or  connected  between  themselves  and  the  tank  (floating 
position),  as  shown  in  Fig.  185b.  Page  226. 
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Fig.  185.  Series  circuits  of  hydraulic  engines.!  Tn  the  latter 
equip ment/device  with  actuating  cylinder  simultaneously  car.  work  only 
one  hydraulic  engine,  and  only  in  the  system,  in  which  are  applied 
cne  or  several  rotor  continuous  hydraulic  motors,  simultaneously  they 
can  work  several  hydraulic  engines  (Fig.  185b).  The  drainage  pressure 
of  this  engine  can  bo  used  as  operating  pressure  of  the  subsequent 
engine.  The  pressure  differentials  along  an  entire  series  acting 


similarly  of  equipment/devices  store/add  up. 
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Heat  balance  of  hydraulic  system. 


Since  the  energy,  lost  in  hydraulic  system,  is  converted  into 
heat,  the  temperature  of  liquid  is  raised  and  under  known  condition 
can  achieve  inadmissible  values.  During  an  increase  in  the 
temperature  is  reduced  the  viscosity  of  oil  (see  page  IS)  , wnich  is 

accompanied  by  an  increase  in  the  leakages  and  by  the  progressive 
increase-  in  the  temperature  because  of  energy  loss  at  leakages. 
Resides  this  the  elevated  temperatures  are  undesirable  also  as  a 
result  of  an  increase  in  this  case-  in  the  oxidation  of  oil,  which  i 

accompanied  by  further  fall  in  the  viscosity  and  by  the 
formation/education  of  resins  and  different  residue/settlings  (see 
page  17). 


By  taking  into  account  this,  it  is  necessary  that  in  the 
hydraulic  system  be  establ ished/insta 1 led  the  corresponding  heat 
balance,  determined  by  the  equality  of  inflow  and  diversion/tap 
(evacuation)  of  heat.  When  the  temperature  of  oil.  exceeds 
permissible,  one  should  apply  air  or  water  cooling.  Th?  virtually 
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acceptable  to  mpera  t are  of  oil  in  hydraulic  system  is  ti0-F>Goo. 

Approximately  it  is  possible  to  ccunt  that  into  system  en^rs 
per  unit  time  the  amount  of  heat,  to  ar.  equivalent  difference  in  the 
complete  (dr  iving/homi  ng)  lifting  power  and  net  power  (effective 
shaft  horsepower  ot  Hydraulic  motor  or  on  the  stock/roi  of  actuating 
cylinder).  If  during  some  inteival  of  time  useful  work  does  not 
conduct,  then  into  heat  is  converted  per  unit  time  entire/all 
driving/homing  lifting  power. 

4 

In  accordance  witn  t h a *•  which  was  indicated  the  lost  in. 
hydraulic  system  power  will  be  determined  from  the  expression 

^ nom  = ^nodi  9)» 

where  Knod  - power  input  (driving/homing  lifting  power)  ; 9 - 

complete  plant  efficiency  (system)  . 

To  power  Nnom  is  equivalent  t he  flow  of  heat  (amount  of  heat 


per  unit  time) 


^ ^ nom ^ — N nc  ) ( 1 — T])  k, 
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where  k - the  he  it  equivalent  of  mechanical  energy  (tor  a power  1 kW 


it  is  equal 

to  8t>0  kca 

1/h, 

for  a power  1 h. d. 

- 6 J 2 . 4 kcal  /h)  . In 

unity  of  SI 

k = 1 ; if 

N is 

expressed  in  watts. 

then  unity  o t t n e flow 

of  heat  A i 

s expressed 

watt 

(W ) . 

In  ma  iiy  instances  (with  throttle  control)  the  utilized  by  us^rs 
hydraulic  power  is  virtually  close  to  zero,  and  consequently, 
entire/all  work  of  hydraulic  setting  up  is  convertel  into  heat.  Page 
227. 
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Key:  (1).  Water.  (2).  Oil.  An  increase  in  the  temperature  of 

liquid  during  its  extrusion  through  choke  slots  can  he  approximately 
determined,  after  equating  the  energy,  given  up  by  the  escape/ensuing 
from  slot  liquid  in  volume  of  V,  to  the  energy,  expended  for  the 
heating  of  the  liquid  of  this  volume  (r.ot  taking  into  account  that 
part  of  the  isolated  heat  departs  from  system  as  a result  of  heat 
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M = 0,058  A p, 

where  Ap  is  the  pressure  differential  in  kqf/cm?. 


From  this  expression  it  follows  that  with  the  t hrot tl l ng/choking 
of  pressure  oil  froai  100  kgf/cir/  to  the  a tmcspheric  its  temperature 
is  raised  in  one  operation/pass  through  th»  throttle/choke 
approximately  on  t»  °C  . 

During  the  known  mode/ cor.  di  t i ons  of  the  work  of  hydraulic  system 
it  will  be  required  to  use  for  providing  the  assigned  temperature 
conditions  the  coolers,  which  are  applied,  as  a rule,  in  the 
continuous  operation  of  hydro-electric  power  plants  with  power  20-10 
h.  p.  , al*hough  in  a number  of  cases  these  egui pment/device s are 
applied  in  smaller  powers. 

In  the  majority  of  the  coolers  (heat  exchangers)  of  hydraulic 
systems  as  the  cooling  medium  are  utilized  the  viator  or  the  air, 
although  are  applied  also  other  liquids.  For  example,  in  aircraft  as 
the  cooling  medium  is  utilized  tue 1/propellan t. 
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Figure  186a  depicts  the  diagram  of  the  simplest  water-butyric 
radiator,  which  is  the  placed  into  water  tank  coil,  on  which  is 
passed  oil.  Tank  (jacket  of  coolant)  is  equipped  by  the  system  of  the 
partition/baffles,  soldered  to  duct,  which  create  the  circulation  of 
water  and  the  intense  diversion/tap  of  heat. 


Frequently  the  heat  exchanger  in  the  form  of  the  coil,  on  which 
is  passed  the  cooling  water,  is  incorporated  into  oil  tank  of  the 

hydraulic  system. 


Page  22  8. 


Are  common  also  the  tubular  (honeycomb)  coolers  (heat 
exchangers),  which  consist  of  assembled  into  pencil  of  straight  lines 
ducts  (hundreds),  included  into  housing  (Fig.  186h). 


Meat  exchangers  establish/install,  as  a rule,  in  drain  line.  It 
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is  necessaiy  to  exclude  the  possib  le  pressure  overshoots  in  this  main 
line,  which  can  breax  heat  exchangers. 

LIQUID  MAIN  LINES  AND  TANKS. 

The  supply  of  lijuid  under  operating  pressure  from  the  source  ot 
expenditure/consumption  (pump)  to  the  users  of  hydraulic  power  (to 
performing  hydraulic  engines)  ard  its  d ive rsi on/tap  from  the  latter 
under  drainage  pressure  conducts  through  the  liquid  run  lines,  as 
which  serve  the  rigid  and  elastic  metallic  and  nonmeta  1 lie 
conduit/manifolds,  and  also  the  channels,  executed  in  t he  housing  of 
ny  droaggrega  tes . 

It  is  accepted  to  call  the  section  of  cond ui t /ma n i f ol  1 , which 
connects  pump  1 with  reservoir  (tank)  5,  suction  line  (see  Fig.  la)  ; 
the  section  of  the  conduit/mar.itold,  or  which  t h^  liquid  from  pump  1 

enters  hydraulic  engine  2 - by  pressure  (worker  or  pressure)  main 
line,  and  the  section  of  the  conduit/manifold,  through  which  the 


liquid  is  abstract/removed  from  the  nonoperative  cavity  of  hydraulic 
engine  2 into  reservoir  1,  by  drain  line,  ihe  force  main  includes 

also  all  main  lines,  under  operating  pressure. 


Calculation  of  the  section  of  conu ui t/man 1 folds. 

The  calculation  of  the  section  cf  cor,d  ui  t/ ma  nif  old s (channels) 
is  performed  on  the  basis  of  the  trass  or  volumetric  fluid  flow  rate 
through  the  clear  opening  of  channel.  Accordingly,  the  fluid  t low 
rate  through,  this  cond  uit/mani told  is  determined  by  area  f of  i*s 
internal  section  and  by  average  speed  u of  the  flow  of  liquid,  which 
are  connected  by  the  relationship 

Q = fu\  m — flip, 

where  Q and  m - volumetric  and  mass  fluid  flow  rate;  p is  density  of 
liquid. 

The  calculation  of  the  section  of  other  channels  of 
hydroaggregates,  along  which  flows  the  liquid,  conducts  or  the  basis 

of  the  law  of  flow  continuity  (constancy  of  the 

expen d iture/consum pt ion ) , according  to  which  the  expenditures  in  the 
different  sections  of  flow  during  steady  motion  are  identical: 
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«i/i  = Uiiz* 


or 


u\  __  _[t_ 

<h  h ’ 


where  u,  and  u2  are  identical  the  average  rates  of  flow  of  liquid  in 
sections  f,  and  t?  of  channels. 

When  selecting  the  rate  of  flow  of  liquid  in  conduit/mani fold 
they  are  guided  by  the  fact  that  an  increase  in  it  leais  to  an 
increase  in  the  resistance  and  with  respect  to  power  loss,  but 
reduction  - *■  o an  increase  ir  the  mass  cf  conduit/manifolds  and 
accessor ies,  and  also  to  the  adverse  structural  solutions  of  the 
cell/elements  of  hydraulic  drive. 


The  loss  of 
cf  its  hydraulic 
straight  portion 


pressure  in  conduit/ma nif old , which  is  the  measure 
efficiency,  is  caused  fcy  the  resistance  of  the  quite 
of  conduit/ma ni fold  as  well  as  by  any  local  ^ 
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resistances:  by  the  changes  in  the  sections  of  cond uit /nan  if olds  and 
by  its  curvatures,  and  also  the  presence  of  different 
hydroaggregates. 

On  the  basis  of  practice  it  is  possible  to  recommend  for  the 
cond uit/ma ni folds  of  force  mains  the  following  rates  of  flow  of 
liquid  in  pressure  dependence: 

pressure  in  kg/cm2  50  oo  150  200 

ve] oc it y in  m/s. 

Page  229. 

For  inlet  tubing  of  so  If- ) l imings  pump  the  velocity  of  liquid  is 
selected  by  0.5-1. 5 m/s,  the  smaller  values  accepting  for  the 
conduit/manifolds  of  a small  (1C-20  mm)  section.  The  velocity  in  *he 


cond uit/manif olds  of  drain  lines  usually  they  restrict  2-2.5  m/s. 
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However,  in  many  instances,  and  in  particular  with  the 
applicat ion/usc  of  lo w- v iscosit y liquids  of  the  type  of  ANG-10  and  at 
positive  ambient  temperatures,  are  accepted  the  velocities: 


5-10  in/s  - for  pressure  and  drain  lines; 


2-3  m/s  - for  suction  lines. 


Sometimes,  in  particular  at  hiqh  cperatinq  pressures,  are 
applied  the  velocities  to  30  m/s. 


As  the  conduit/manifolds  of  hydraulic  systems  ace  applied 
jointless  steel  cylindrical  pipes  and  thinner  than  the  duct  from 
nonferrous  metals  and  different  plastics. 


The  calculation  for  the  longitudinal  discontinuity  of  the 
di rect/straiqht  thin-wailed  condu it/manifolds,  loaded  with  th° 
internal  static  pressure,  at  which  it  is  possible  *■  o disregard  f he 
secondary  stresses,  which  appear  as  a result  of  the  distortions  of 





A 
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the  cylindricity  (ovality)  of  the  section  of  conduit/manif old,  can  ba 
produced  on  the  formula 


<=~  2s  ' 


where  op  - the  allowable  voltage  of  the  material  of  the  ducts  of 
wire  with  the  elongation  (in  circumference),  which  usually  is 
selected  equal  to  30-35o/o  of  ti me/tempcrary  strength  of  materials  of 
conduit/manifold;  p is  the  maximum  pressure  of  liquid  in  kgf/cm?;  d 
and  s is  a outside  diameter  and  the  wall  thickness  or  auct  in  cm. 


By  thin-walled  are  understood  the  conduit/manifolds,  in  which 
the  ratio  of  the  outside  diameter  d to  thickness  s of  its  wall 
satisfies  the  condition 


; = 16  or  <1,7, 

s atH 


where  d,,  is  an  inner  diameter  of  the  section  of  con  lui  t/ma  ni  fold 


A 


For  oond uit/manif olds  with  this  ratio  of  diameter  to  wall 
thickness  (more  than  16:1)  they  assume  that  the  outer  diameter  is 
equal  internal. 

During  calculations  of  steel  cond  u it/iuan  i f old  s th?  tensile 
strength  in  kgf/cm?  can  be  accepted  according  *o  the  given  below 
da  ta  : 

the  stainless  steel  C20  30xrcA 

v . - , , 4100  12000 


I 

Mall  thickness  taking  into  account  the  probable  deviation  of 
diameter  and  of  wall  thickness  calculate  according  to  the  expression 
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p (d  4-  m i 

s—  

2 a pn 


where  ni  - 0.3  - deviation  with  respect  to  the  diameter  of 
coisq uit/ma ni f ol d in  mm  (onsT  - All-union  State  Standard  ] 

8734-58);  n = 0.9  - the  coe fticien* , which  considers  levia’-ion  w i * h 
respect  to  the  wall  thickness  of  conduit/roanitold  (G3ST  37  34-5  8). 


Fol  the  calculation  of  thick-walled  cond u i t/raa ni f o 1 1 (i  > 15), 
in  which  the  voltage/stress  changes  from  the  maximum  value  on 
internal  wall  to  the  minimum  on  external  wall,  applies  Lame's 


°P=  P 


d-  2s  4-  2sa 

Us  (d  — s)  ‘ 


formula : 


(07) 
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Minimum  wall  thickness  for  this  condu it/manifold 


« 
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Fig.  187.  Deformation  of  conduit/manifold  under  the  effect  of 
pressure  of  the  liquid:  a)  transverse;  b)  axial.  Fatigue  strength  of 
cond ui t/ma ni f old  s . 

The  condui t/ma nif olds  of  many  machines  undergo  th3  simultaneous 
loads  of  static  and  dynamic  character.  The  first  include  the  examined 
.tati<-  loads,  caused  by  the  internal  pressure  of  liquid,  and  - he 
: , whim  develop  during  the  assembly  of  conduit/nanfo  1 i,  ind 

load,  which  appear  as  d result  of  the  thermal  informations 
a t/r  mi  folds  and  cell/elements  of  t.  he  machine,  to  which  art 
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fastened  the*  conlu it/manifolds.  To  * he  second  are  related  *- he  loads, 
appearin'!  during  the  frequency  deformations  (oscillations)  c' 
conu uit/ma nif old , caused  by  the  pulsation  of  the  pressure  of  liquid, 
by  hydraulic  impacts,  and  also  the  oscillations  of  coni uit /man i folds 
themselves,  caused  by  internal  and  external 

disturbance/perturbations.  The  vol tage/stresses,  which  appear  in  the 
material  of  conduit/manifold,  represent  the  sum  of  the  enumerated 
components . 


Significant  of  the  dynamic  loads  are  the  leads,  caused  by 
fluctuations  (pulsation)  cf  the  pressure  of  liquid.  These 

fluctuations  of  pressure  are  caused  by  kinematics  and  the  special 
feature/peculiarities  of  the  modo/cond  i tions  of  the  work,  of  pumps, 
and  also  by  the  hydraulic  impacts,  which  are  observed  during  the 
instantaneous  function  of  different  valves. 

During  the  ajreomont  of  pulse  f reu tier. cies  cf  pressure  anl 
fluctuations  of  liquid  column  in  conduit/manifold  in  the  latter  can 
arise  the  internal  resonance,  in  the  presence  of  which  the  amplitude 


of  fluctuations  of  pressure  considerably  will  increase. 
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Frequency  w the  natural  oscillations 
fills  the  cut  of  1 uct  with  a ler.qth  of  L, 
determined  by  expression  [7,  14] 


of  liquid  column,  which 
in  the  qeneral  case  can 


be 


to  = 


a 

T 


where  a is  the  speed  of  sound  in  the  liquid,  which  fills 
conduit  /manifold;  L = a/r  - the  wavelerqth  of  the  fluctuating 
pressure;  f is  frequency  of  di  st  urbane  e/per  tur  bat.  ions  (pressure 
itr  pulses)  - 


Observations  show  that  the  considerable  number  of  cases  of  the 
fatigut  failures  of  conduit/mari folds,  and  in  particular  during  the 
pulsations  of  pressure,  is  caused  by  the  d ist urfca nce/brea k down  of  tha 
cylindricity  of  the  cross  section  (by  presence  of  ovality)  of  *he 
latter  (Fig.  187a)  . In  this  case  unlike  the  condu  it/tna  n if  o 11  of  the 
round  cross-section  whose  deformation  occurs  only  because  of 
lengthening  the  perimeter  of  its  section,  oval  section  approacnes 
under  the  action  of  the  internal  pressure  or  liquid  the  round 


cross-section  with  a diameter  of  d,  although  not  all  points  of 
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perimeter  strictly  follows  this  law.  In  view  of  this  at  the  points  of 

the  greatest  curvature  oval  section  appear  the  high  voltages,  which 
depend  on  the  flatness  (ovality)  of  cress  section  and  are 

characterized  by  the  relation 


where  a and  b are  size/dime  nsi  ons  of  small  arid  ma-jor  axes  of  oval. 

On  the  basis  of  test  data,  and  also  experience 
established/installed  that  the  max imumly  permissible  ovality  tor  th« 
steel  conduit/manifolds  of  the  widespread  size/dimension  is  k = b - a 

/ !)•  1 00  = (4-5)  o/o . 

Page  231. 


The  strength  of  conduit/manifolds  aff*-cts  a radius  of  its 
curvature.  The  bent  conduit/manifold  under  the  action  of  the  forces 
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Resonance  oscillations  of  cond ui t/ ma ni f old s. 


Resonance  oscillations  can  ai ise  as  a result  of  vibrations  and 
relative  displacement  of  machine  parts,  to  which  are  fastened  the 
cond uit/ma nifolds , and  also  as  a result  of  effect  on  rhe  pipeline  of 
the  examined  above  fluctuating  torces  cf  pressure  of  liquid,  it  one 
end  of  the  pipeline  is  oscillate  as  a result  of  the  vibration  of 
machine  parts  relative  to  another  with  the  frequency,  equal  to  the 
natural  vibration  frequency  of  the  section  of  pipeline  in  question, 
then  pipeline  can  enter  the  resonance  oscillations,  during  which  the 
amplitude  of  ^he  oscillations  of  the  middle  part  of  the  pipeline  can 
into  dozens  and  more  once  exceed  the  amplitude  of  the  perturbation 
(exciting)  oscillitions  of  the  onus  of  the  pipeline. 


The  possibility  of  tne  emergence  of  the  flexural  resonance 
oscillations  of  the  bent  pipeline  is  caused  also  by  the  fact  that  the 
pipeline  will  attempt  under  the  effect  of  pressure  of  liquid  to 
straighten  (see  Fig.  187b),  as  a result  of  which  at  the  fluctuating 
pressure  liquid  the  bent  section  of  pipeline  it  can  enter  the 
flexural  vibrations. 
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The  natural  vibration  frequency  of  any  section  of  pipeline 
depends  on  a number  of  factors,  and  in  particular  on  the  character  of 
the  stopping  up  of  its  ends. 


With  the  rigid  stopping  up  of  both  ends,  what  corresponds  to  the 
widespread  in  practice  method  of  the  attachment  of  pipelines,  natural 
vibration  frequency  in  Hz  of  rectilinear  pipeline  can  be  determined 
taking  into  account  the  weight  of  its  filling  liquid  by  the  empirical 
ex  prc  ssion 


co 


— 3 56  I / £-/g 

i8  V GT  + G; 


where  L - distance  between  supports;  E is  modulus  of  elasticity  of 
material;  J - the  second  moment  of  area  of  duct;  GT  and  Gx  - the 
weight  per  unit  length  of  pipeline  and  liquid. 


The  natural  vibration  frequencies  of  pipeline  it  depends  on 
internal  pressure  and  the  rate  of  flow  cf  liquid.  Taking  into  account 
th^  effect  of  these  frequency  factors  of  natural  oscillations  in  Hz 


A 


where  p = pf  ♦ m u2/2  - the  pressure  of  liquid  in  pipeline;  f is  ar: 
area  of  the  internal  section  of  pipeline;  m - linear  lansity,  i.e., 
the  mass  of  fne  unit  of  lenyth;  u - the  rate  of  flow  of  liquid  in 
pipeline;  PKp—  is  critical  force  accordinq  f 0 Fillet,  ^aqe 

232. 


DOC 


77200109 


Fig.  188.  Types  of  union  couplings:  a)  by  rolling-out;  b)  with  the 
aid  of  nipple.  Union  couplings. 


For  the  connec tion/com pou nds  of  *hin-walled  tubes  (to  30-35  mn) 
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in  essence  is  applied  the  accessories  under  * he  rol  ling-out  of  ducts 
on  outside  cone  (Fig.  1H8a) , which  in  this  case  must  he  made  trom  *he 
ductile  metal,  which  a 1 low/ass u®es  rolling-out  in  coll  state.  Are 
common  the  angles  ot  rolling-out  from  30  to  90°  (in  the  USSP  - 60°, 
in  England  - 30°  and  in  the  USA  - 17°)  . 


Connect  ion/coin  pou  nd  with  the  rolling-out  of  duct  differs  in 
terms  of  simplicity,  hut  it  can  be  recommended  for  steel  tubes  orly 
at  pressure  200-300  kgf/cm2. 


3 


For  higher  pressures  ( 300-400  k.gf/cm?)  apply  nippl-*  (spherical) 
connection/compound  (Fig.  188b).  The  airtight  ness  of  this 
connec ti on/c ompound  is  provided  by  the  contact  ot  the  surface  of 
steel  spherical  nipple  with  the  conical  surface  of  orrnch. 

Are  applied  also  other  union  couplings  [5]. 


Flexible  conduits. 
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When  occurs  the*  displacement  of  twc  machine  parts,  to  which  are 

fastened  the  ends  of  the  pipeline,  are  applied  the 
connection/compounds,  which  allow/assume  similar  d ispl aca m en ts . 
Similar  connect  ion/coni  pounds  include  the  flexible  conduits  - the 
rubber-fabric  hoses,  intensified  by  metallic  cover/braid,  and 
flexible  metal  hoses. 


Since  the  basis/base  of  flexible  hose  in  the  majority  of  cases 
is  rubber,  they  are  suitable  only  for  temperatures  to  35°C.  For  a 
work,  under  conditions  of  high  and  low  temperatures  are  applied  the 
flexible  conduits  (hose/pipes)  with  the  metallic  bellows,  with 
parallel  (Fig.  189a)  either  spiral  (Fig.  189b)  corrugations,  the 
included  for  increase  in  strength  and  protection  from  mechanical 
damages  into  one  or  multilayer  wire  cover/braid  (Fig.  189c). 


Metallic  hose/pipes  manufacture  for  works  under  conditions  of 
temperatures  from  -100  that  540°C  and  for  operating  pressures  at 
small  diameters  of  section  (about  6 mm)  to  400  kgf/cm2. 


Pulsations  of  pressure  and  loss  of  head  in  hose/pipes. 
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The  corrugated  form  of  flow  area  of  flexible  metal  hose  causes 
the  appearance  of  pulsations,  and  also  it  causes  supplementary  losses 
of  head.  The  first  are  caused  by  the  fact  that  cn  hose/pipe  the  fluid 
flow  taking  place  experience/tests  periodic  expansions  and  t ne 
compression,  caused  by  the  undulation  of  flow  area  of  the  channel 
(hose/pipe).  The  frequency  r of  these  effects  is  determined  by  the 
amount  of  corrugations  and  by  the  time  r course  through  the  hose/pipe 
of  the  liquid: 


where  l it  is  determined  the  length  of  the  flexible  part  of  the 
hose/pipe;  t is  a space  of  corrugation. 

After  expressing  time  r by  velocity  u,p  flow  of  liquid 


l 


we  will  obtain 


whence  it  follows  that  the  ripple  frequency  increases  wit!,  an 
increase  in  the  velocity  zcp  flow  of  liquid  and  wi+n  a decrease  in 
the  space  of  corrugations  t.  Page  231. 
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Fig.  1PD.  Flexible  metal  hose.  -v  The  pulsation  of  liquid  loads 
under  specific  conditions  to  the  appearance  of  the  longitudinal 
resonance.  The  observations  showed  that  during  approach/ip prox imat ion 
to  certain  fluid  flow  rate  (with  an  increase  ueP)  appears  th®  sound 
of  high  tone,  and  the  temperature  or  hose/pipe  at  a distance  10-20  mm 
from  exit  nipple  sharply  it  is  raised.  After  2-3  min  under  these 
conditions  the  hose/pipe  is  destroyed,  wh^r^upen  the  in ves t i ga t ior  of 
th « places  of  damage  reveal/detected  the  circular  cracks  of  fatigue 
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this  hose/pipe  depends  on  the  geometric  coefficient  of  in  = zd,  wi.* 
z depends  the  turn  number  or  corrugations  on  1 cm.  of  Length  and  d 
the  inner  diameter  of  hose/pipe. 


For  Re  > 1800  coefficient  X in  formula  (69)  can  b°  determined 
by  the  empirical  equation 


X = 0,4(A)'V 


For  calculations  Re  it  is  accepted  that  d - fhf>  diaaoter  of  the 
internal  part  of  the  corrugation. 


For  the  approximate  computations  of  losses  of  head  in  hose/pii  s 
during  turbulent  mode/conditions  (Re  > 2000)  it  is  possible  also  to 
use  expression  (14)  , whereupon  coefficient  X for  this  ;isj  is 
calculated  from  the  formula 
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The  calculation  of  losses  of  pressure  is  performed  in  the 
general  case  according  to  expression  (14)  : 


A/3=X_£_.^  p.  (68) 


Critical  Re,  which  corresponds  to  transition  rrom  laminar  flow 
conditions  to  turbulent  mode/condit ions,  lor  these  hose/pi oes  is 
equal  to  Re  = -u™d  = 1800  — 2000.  The  average  speed  u P flow  is  accepted 
on  the  basis  of  the  conditional  diameter  d of  corrugations  in 
world/light. 

In  the  range  of  turbulent  flow  conditions  X it  loes  not  depend 
on  Pe,  but  it  is  determined  by  the  relative  undulation  of  the 
internal  surface  of  the  flexible  part,  of  the  hese/pipe,  expressed  by 
ratio  h/d,  where  h is  determined  the  middle  interior  height  of 
corrugation  and  d - the  inner  diameter  of  hose/pipe  (on  the  internal 
apex/vertexes  of  corrugation).  Furthermore,  the  hydraulic  friction  of 


r 


i 
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\ = 0,6Re-0’25. 


Consequently,  drag  coefficient  X tor 
times  is  higher  than  the  drag  coefficient 


hosa/pin^s  approximately 
ter  smooth- ailed  ducts. 


2 


Reservoirs  (tanks)  for  a liquid. 

By  tank  is  understood  the  storage/accuniula tor  of  working  fluid, 
which  is  located  by  atmospheric  or  overpressure,  which  can 
simultaneously  obtain  working  fluid  from  drainage  hydro-line  and  giv^ 
up  it  in  the  suction  hydro-line.  The  minimum  capacity  of  *ank  is 
determined  in  essence  by  the  change  of  the  capacity  of  the 
aggregate/units  of  hydraulic  system,  which  occurs  in  th~*  process  of 
work.  Page  234. 
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Fiq.  1^0.  Diagrams  of  tarikr  for  working  flails 


Oils 


Fil  t er 


Info 


ufficient  for  an 


the  capacity  of  tank  mast  be  a 


ta  nk 


insertion  entire  working  fluid,  which  pcur 


from  system,  and 


maintaining  the  necessary  level  of  liquid  during  the  execution  of 
operating  cycle-  Virtually  the  capacity  of  tank  usually  is  selected 
to  the  equal  L-\-  minute  feed  of  j ump. 


Tank  must  be  designed  so  that  in  it  would  bo  provided  residue  of 
the  liquid.  For  this  the  circulation  of  liquid  in  reservoirs  must  be 
brought  to  the  minimum.  The  input/introduction  of  liquid  into  rank 
must  not  cause  frothing  and  its  turbulence.  For  this  it  must  be 
arranged  below  liquid  level  in  tank.  On  lead-in  channel  (duct)  one 
should  est ab 1 ish/i nsta 1 1 mesh  equipment/device  (Fig.  190a)  for  the 
jet  disintegration  of  liquid.  For  the  elimination  of  the 
incidence/impingement  into  the  tank  of  dust  together  with  the  air, 
which  enters  it  during  changes  in  liquid  level,  drain  hole  must  be 
equipped  by  the  air  filters,  which  recover  dust  and  moisture.  The 
more  advanceed  method  of  the  preservation  of  tank  from  the 
incidence/impingement  of  dust  is  the  appl ication/use  along  with  the 
filters  of  liquid  dusf  catcher  (Fig.  190b)  . 

To  drain  lines  it  should  be  connected  to  the  special  sections  or 
tank,  moved  away  from  the  sections,  connected  with  suction  lin°s. 

This  is  provided  by  the  application/use  of  partitions  (Fig.  190a) 
with  height/altitude,  the  equal  to  2/1  height/altitudes  of  the 


minimum  oil  level  in  tank. 
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It  is  necessary  also  to  follow  the 

presorvat ion/re  ten t ion/mai nta ining  of  the  required  leva!  of  liquid  in 
tank,  since  a fall  in  it  will  cause  its  intense  circulation  in  tank, 
which  can  lead  to  the  incidence/itiipi  ngemen  t of  air  into  liquid  from 
with  out. 


with  fall  it:  the  tank  of  liquid  level  in  the  places  of  the 
connection  of  inlot  tubinq  car,  be  formed  the  funnel  (Fiu.  190c), 
through  which  the  air  will  fall  into  pump.  The  formation/education  of 
funnel  is  caused  by  eddy/vortices,  and  also  fact  that  at  certain 
height/altitude  a of  liquid  column  under  intake  opening  the 

hydrostatic  pressure  p = yh  this  opening/aperture,  created  by  gravity 
strength  of  liquid  column,  becomes  so/such  small,  that  loes  not 
provide  the  horizontal  displacement  of  the  layers  of  liquid  to  the 
axle/axis  of  the  open  ing/a  per  t uie,  required  for  the'  completion  of  the 
feed  cf  pump. 
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Chapter  VI. 

PACKING. W OF  THE  CONNECTI  0Nf«aHMI9IK  OF  HYDRAULIC  SYSTEM. 


Fiq.  191.  Diagrams,  which  illustrate  the  operating  principle  o£  the 
sealing  ce  11/eleme n ts. 


Fiq.  192.  Diaqrain  of  ‘tie  noncontact  sea  lin  j/press  ur  i zat  ion  of 
plun qer • 4 A irt iqht ness  is  a property  ct  construction  not  to  pas 


through  itself  working  medium  in  the  amounts,  which  exceed  maximum 
permissible.  For  this  are  applied  the  different  sealing  means  whos* 
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desiq nat ion/pur  pose  Ups  in  the  fact  that,  in  order  to  impede 
hydraulic  slip,  which  is  located  under  certain  overpressure,  through 
the  gap  clearance  of  two  motionless  or  being  moved  one  relative  to 
another  rigid  surfaces,  components  the  unit.  The  latter  is  achieved 

by  the  elimination  of  the  clearance  between  the  packed  surfaces  with 
the  aid  of  any  soft  elastic  material,  placed  between  them  (bearing 

seal)  , which  is  shown  in  Fig.  191,  or  by  the  provision  for  the  small 
clearance  s between  the  surfaces  of  the  combinatle  parts  (for 
example,  noncontact  packinq/seal)  , which  is  shewn  in  Fig.  192. 

Closed-butt  joint  is  achieved  by  any  soft  elastic  material, 
placed  between  the  packed  surfaces  (Fig.  191a),  which  under  the 
action  of  the  external  force  of  F or  forces  of  pressure  of  liquid  is 
adjusted  to  these  surfaces,  creating  close  contact. 

Figure  191b  are  schematically  shows  the  possible  channels  of 
leakages  in  the  node/unit  of  the  paeking/soal  of  the  movablp 
stock/rod  d,  which  must  be  tightly  overlapped  by  the  sort  sealing 
cell/element  c.  It  is  obvious  that  greatest  difficulty  will  present 
the  overlap  of  channel  a,  i.e.  , the  interface  pressure  integrity  of 


movable  connection,  in  view  of  which  to  accur acy/procis i on  and 
surface  finish  characteristics,  which  form  this  channel,  ate 
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presented  especially  high  requirements.  The  sealing/pressurization 
(overlap)  of  channels  b,  formed  by  soft,  sealing  cell/element  and  the 
motionless  surfaces  of  node/unit,  is  provided  considerably  simpler, 
since  here  virtually  will  be  packed  motionless  compound.  The 
leakages,  caused  by  the  permeability  ( lea kage/1 coseness)  of  the 
material  of  sealing  cell/element , are  removed  by  application/use  for 
its  production  of  the  materials  of  the  corresponding  densities,  as 
which  in  essence  are  utilized  rubber  and  rosin-lik^  materials.  Page 
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Fig.  193.  Sealing/pressurization  of  the  motionless  compounds  of 
j oints . 
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The  process  of  sealing/pressurization  by  rubber  parts  is 
realized  because  of  the  introduction  of  compressed  rubber  in  the 
irregularity  of  the  contacting  with  it  surfaces;  in  this  case  occurs 
the  filling  with  rubber  macro-  and  the  microchannels  of  the  packed 
surface  and  their  overlap. 


STATIC  SEAL. 


For  the  elimination  of  hydraulic  slipes  through  the  mo* ion  less 
compound  they  attain  elimination  by  the  different  means 
(predominantly  pads)  for  the  clearance  between  mating  parts, 
whereupon  hermetic  seal  will  be  reached,  if  contact  points  form 
closed  curve,  and  contact  pressure  by  it  exceeds  the  pressure  of  the 
packed  medium.  By  contact  pressure  here  is  understood  the  external 
compressive  force,  per  unit  of  the  surface  area  of  packing,  which  is 
developed  with  the  tightening  of  the  belts  of  flange  joint. 


In  some  constructions  the  airtight  ness  is  provided  by  Ireaking 
in  of  parts;  however,  since  to  ensure  this  accuracy/preris ion,  during 
which  the  contact  points  form  closed  curve,  in  this  manner  it  is 
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difficult,  it  is  apolied  only  for  the  interior  conjugations,  in  which 
the  provision  for  a complete  airtightness  is  net  required 
(slide-valve  vapors,  the  valves,  etc.) . 


Some  methods  of  static  seal  by  pads  and  the  rings  represented  in 
Fig.  193.  For  the  production  of  packing  apply  the  different 
noRffletallic  and  metallic  elastic  materials,  able  to  compensate  for  in 
the  tightening  of  the  compound  of  inequality  and  other  surface 
defects  that  which  is  packed  the  vapors. 


Packing  must  be  protected  from  extrusion,  for  which  preferably 
place  them  into  the  grooves,  forming  closed  cavities  (Pig.  193c:  and 
f)  . In  sucli  a case,  when  these  means  are  not  provided,  it  is 
necessary  that  the  frictional  force  of  packing  against  contact 
surfaces  be  more  than  the  force  of  pressure  of  liquid  or.  irs  lateral 
surface,  which  is  reached  by  the  selection  of  thickness  a and  of 
width  b of  packing  (Fig-  19  3a  and  b)  . 


The  ferrules  with  rectangular  cross  section,  prepared  from 
elastic  material,  are  placed  in  grooves  and  are  designed  usually  for 
their  complete  (wi*h  certain  surplus)  filling  (Fig.  193c  and  t).  For 


this  the  cross  section  of  yioove  is  selected  to  30o/o  less  t ha n cross 
section  ot  ferrule  (packing). 

When  it  is  required  to  ensure  precise  axial  location  of  parts  of 
compound,  and  also  necessary  to  unload  packing  cf  + h o effort/forces 
of  the  tightening  ot  the  holts  of  compound,  is  applied  the  flange 
joint,  shown  in  Fig.  19  3d  and  e.  The  volume  of  packing  in  this  case 
must  be  somewhat  less  (to  10-15o/o)  the  volume  cf  groove;  however, 
its  section  in  free  state  must  be  so  that  with  assembly  woul  1 occur 
the  compression  of  ruhoer  by  height  to  20-25o/c  in  comparison  with 
size/dimension  in  free  state  (see  also  page  24).  Paqe  237. 


Fig.  194.  Diagrams  of  the  packing/seals:  a)  slotted;  b and  c)  slotted 
and  labyrinth. 
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Fig.  195.  Sealing /pres  sul'  ization  by  packings.  '"jj’  By 
type  of  static  seal  is  also  the  packii: y/seai  the  rir.j 
cross-sect  ion. 

DYNAMIC  SEAL. 


Dynamic  seals  it  is  possible  to  divide  into  two 


the  widespread 
s of  round 


q r o ups: 


noncontact  (slotted)  and  contact 
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By  the  first  are  understood  the  packing/seals,  in  which  the 
required  airtightness  is  provided  v,  y the  hydraulic  frictior  of  ’•he 
slot,  formed  by  the  surfaces  of  the  packed  pair  (static 
packing/seals).  This  packing/seal,  obtain  the  name  slotted,  is  ♦he 
capillary  smooth  slot  s (Fig.  194a)  , with  the  appropriate  value  and 
at  length  of  which  can  be  created  taking  into  account  the 
obliteration  of  slot  the  acceptable  friction  to  overflowing  of 
liquid. 


Similar  noncontact  compounds  (packing/seal)  are  applied  when  to 
packing/seals  do  not  present  the  requirements  for  the  provision  for  a 

complete  airtight  ness  (for  example,  for  a decrease  in  the  overflowing 
of  liquid  of  one  cavity  of  hydroaggregate  with  high  pressure  in 
another  cavity  with  smaller  pressure). 


For  an  increase  in  the  friction  of  slot  with  high  Re,  which 
correspond  to  turbulent  flow  conditions  (predominantly  with  gas 

working  media),  on  one  (Fig.  1941)  or  both  (Fig.  194c)  surfaces, 
which  form  slot,  make  the  labyrinth  grooves,  which  as  a result  of 
alternating  change  in  the  section  of  slot  raise  under  known 


t he 


DOC 


77210109 


PACE  X-"  ✓ 

conditions  its  friction.  Furthermore,  the  application/use  of  - hose 
grooves  on  the  plungers  of  valves  and  valves  contributes  to  their 
discharging  from  the  unbalanced  radial  forces  of  pressure  or  liquid. 

From  bearing  seals  simplest  ate  the  stuffing  b ok  packings  (Fig. 
195)  from  any  soft  material  a.  During  the  compression  of  packing  by 
the  pressure  bush  b the  packing  flows  in  radial  direction,  forming 
the  close  contact  between  the  chamber  of  gasket  and  the  packing  on 
the  one  hand  and  movable  part  (stock/rcd  or  shaft)  anl  by  packing  - 
on  the  other  hanl.  For  lightening  the  creation  of  the  requiring 
contact  of  gasket  with  the  packed  movable  part  the  faces  of  the 
chamber  of  gasket  usually  are  made  at  an  angle  (conical  shape) . 


For  t.iie  compensation  for  wear  and  ether  losses  of  volume,  the 
packing  gaskets  require  periodic  suspenders.  This  is  achieved  by  the 
indicated  compression  of  packing  with  the  aid  of  the  bolts  (Fig. 

195a)  or  a spring  (Fig.  195b) . These  packing/seals  are  applied  in  the 
small  pressures  of  the  packed  medium  (to  50  kgf/cm?).  Page  239. 
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Fig.  197.  Types  of  the  butting  locks  of  sealing  ferrules. 

Metallic  piston  rings.  ^In  hydroaggregates  with  rect  ilrn~>ar  ironor  are 
common  piston  packings  and  plungers  with  the  aid  of  elastic  sectional 
piston  metallic  and  plastic  rings.  The  diagram  of  the  action  of 
packing/seal  is  snown  in  Fig.  196.  Ring  from  the  position,  presented 
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in  Fig.  19ba,  under  effect  of  pressure  of  liquid  is  mov^d  to  t he 
appropriate  operating  position  (Fig.  19bb  and  c)  . Th->  sealing  contact 
cf  ring  with  the  surface  (mirror)  of  cylinder  is  created  by  the 
spring  action  (radial  elasticity)  of  ring,  which  develops  with  its 
assembling  reduction,  and  also  with  the  pressure  of  liquid  on  the 
lower  surface  (from  the  base  of  groove)  of  ring  and  in  axial 
direction  by  the  pressure  of  the  packed  liquid  (rig.  196b  and  c) . 


Experiments  show  that  the  rings  (with  two-three  rings  in  sealing 
node/unit)  in  question  provide  high  (virtually  complete)  airtight  ness 
at  pressure  more  than  210  kqf/cm?  and  the  luring  qualitative 
prcd  uc  tion. 


Sings  are  manufactured  from  the  material,  which  possesses 
sufficient  elasticity  and  antifriction  properties,  speci f icall v,  the 
rings  are  manufactured  from  gray  cast  iron,  bronze,  Textolite, 
graphite  and  metal-  gra  phite  mass. 


Apply  straight  line  (rig.  197a),  by  scythe  (Fig.  197b)  and 
stepped  (Fig.  197c)  the  joints  (locks)  of  rings.  Direct/st rai g ht 


joint  applies  in  low  pressures  (to  50  kgf/cm*)  , by  scythe  (angle  60°) 
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- in  mpdii  fTf>ssurer.  (50-200  kgf/cm?)  and  stepped  - in  higher 
pressures,  and  also  in  the  increased  requirements  for  airt ight i oss. 

In  stepped  lock,  (see  Fig.  197c)  the  being  "joined  steppe  i ends  of  the 
ring  overlap  each  other,  decreasing  the  butting  clearance.  Frequently 
one  of  mating  surfaces  in  lock  is  made  by  plane  (parallel  face),  and 
the  second  - several  con»px  (see  Fig.  197d),  thanks  to  which  is 
raised  the  specific  pressure  in  the  joint  of  rings  under  load,  which 
facilitates  an  increase  in  the  a ir  t ight  ne  ss . 


The  value  of  the  butting  clearance  c + a of  ring  (see  Fig.  197a) 
in  its  free  state  and  value  c,  by  which  this  clearance  decreases 
during  the  assemnly  of  piston  with  ring  to  cylinder,  lefine  the  ring 
strain  both  in  the  compressed  position  and  with  its  putting  on  or. 
piston.  For  practical  calculations  it  is  possible  to  accept  c = 3.4*-, 
where  t is  radial  thickness  (height/altitude)  of  the  section  of  ring. 
Page  239. 
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Fig.  198.  Diagram  of  the  action  of  the  cup  packing:  a)  collar  to 
assembly;  b)  collar  in  the  installed  fcrm  without  the  pressure  of 
liquid;  c)  collar  under  pressure. 
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preserved  clearance  a,  necotsjiy  for  the  compensation  for 
inaccuracies  in  the  production  of  cylinder  and  distortions  of  i+s 
diameter  on  piston  stroke. 

t?  i n vj  must  tree  be  moved  in  groove  in  axial  and  raiial  directions 
in  order  tba*  it  could  be  force  against  the  con ju gated/combi ne d with 
it  surfaces. 

Cup  packings.  Sleeve  in  the  general  case  is  called  the  elastic 
figure  in  cross  section  ring  (Fig.  198)  from  rubber  compounds  and 
their  combinations  wi^h  different  fabrics,  which,  being  the  pressed 

pressure  of  working  medium  to  the  butting  parts  of  the  packed  pair, 
hermetically  seals  joint. 

The  initial  contact  of  sleeve  with  the  packed  surfaces,  which 
ensures  sealing/pressurization  at  zero  and  low  pressure,  is  realized 
because  ot  its  elasticity,  obtained  as  a result  of  deformation 
(compression)  during  assembly  into  groove  (Fig.  198b).  For  this  width 
a of  the  solution/opening  ot  the  whiskers  of  sleeve  in  free  state 
(Fig.  198a)  exceeds  i«pth  1 of  t ht  groove,  into  wnich  it  is  in  :Cal  1 ^d 
, as 


col Id  1 


a result  the  whiskers  cellars  are  compressed  (b  < a). 
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creating  close  contact  cn  ends.  The  density  of  this  contact  is  taisei 
with  an  increase  in  the  pressure  of  the  liquid,  which  expands  edge 
collars,  pressing  them  to  packed  surfaces,  creating  close  contact 
(Fig.  1 9dc)  . 


Are  most  common  by  U-obraznye  (Fig.  199a  and  b)  and  V-shaped 
(herringbone)  collars  (Fig.  199c).  For  packing/seal  at  the  pressure 
of  working  medium  to  350  kgf/cm?  are  commonly  used  U-shaped  collars, 
also,  in  pressure  to  500  kgf/cm2  and  above  - herringbone. 


U-shaped  collars  make  with  the  rounded  (Fig.  199a)  and 

♦ 

flat/plane  (Fig.  199b)  basis/base. 


For  the  presa r va t ion/retent ion/ma int a ini ng  of  form  the  sleeve 
place  during  the  assembly  of  the  sealing  package  between  shaped 
supporting/reference  1 and  spacing  2 rings  (gasket-containing)  from 
metal  or  Textolits  (Fig.  199a)  . 


The  number  of  sleeves  is  selected  depending  on  operating 
pressure.  Usually  are  recommended  Mie  applying  of  two-three  collars 
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ami  only  sometimes  four.  Patje  240. 
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Herringbone  collars  (Fig.  201)  apply  mainly  for  the  packing/seal 
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of  parts  with  reciprocating  and  thinner  with  rotary  notion  'h-~>y  make 
in  the  form  of  the  rinqs,  assemb le/collec ted  into  pacxage  on  several 
(3-8)  pieces.  The  supporting/reference  3 ana  spacing  1 rings 
herringbone  collar  2 (Fig.  201a)  manufacture  with  'he  angles,  which 
exceed  by  5°  angle  of  jaws  collar.  The  control  cf  the  tightening  of 
sleeves  is  realized  by  the  appropriate  selection  of  washers  4 or  by 
springs  (Fig.  201b) . Durinu  the  application/use  of  springs  is  removed 
the  need  for  the  manual  control  ot  the  tightening  of  packi ng/seal. 


Experiment  shows  that  the  packing/seal,  which  is  ot  six  - eight 
gaskets  effectively  prevents  hydraulic  slip  at  pressures  to  400-500 

kg  f /c  . 


Packi  r.g/seals  by  the  rubber  rings  of  rectangular  cross  section. 
Packi na/saal  of  this  type  consists  of  the  rectangular  of  cross 
section  rubber  ring,  placed  into  the  circular  groove,  executed  of  the 
piston  body  or  stock/rod  (Fig.  202a).  The  airtightness  of 
packiny/soal  at  tne  zero  and  low  pressures  of  liquid  is  provided  by 
the  p recoin  pr°ssion  of  ring  during  assembly.  For  this  the  groove  is 
made  by  such,  that  the  ring  during  assembly  obtains  certain  radial 
reduction,  equal  to  0. 1-0.2  mm.  During  the  supply  of  liquid  under 
pressure  p to  one  of  the  sides  of  ring  it  is  displaced  to  side  wall 
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ot  groove  in  tne  direction  ot  tffect  of  pressure  and,  transforming 
under  the  effect  of  this  pressure,  it  creates  close  contact  over 
three  separating  surfaces  (Fig.  202b),  whereupon  the  density  or  th 
contact  increases  virtually  proportional  to  a pressure  increase  of 
liquid. 


Or  the  pressure  of  liquid  depend  friction  and  wear  of  ferrule 
The  latter  is  caused  by  the  fact  that  during  a pressure  increase 
increases  «-iie  extrusion  of  rubber  into  clearance,  and  also  occurs 
intense  wear  of  ring  as  a result  of  trimming  by  its  sharp  “dge  of 
groove.  Ring  begins  to  be  destroyed  usually  in  the  place,  which 
borders  to  clearance  (section  k) , since  here  besides  trimming  is 
developed  the  maximum  voltage  ot  the  material  of  ferrule  with  its 


deformation.  Page  241. 
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Fig-  204.  Diagrams 
c Loss-tect  ior. . 
piston  jr3  select^ 
groove  (with  zero 
e jua  1 to  0.2-0.  25 
3-5  mm  hoi  ?h  t/alt i 


PACK 
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of  pack ing/ seals  by  the  rubber  rirrj  of  round 
^~The  size/uimensions  of  rings  and  grooves  in 
i by  such  tha*  during  the  assembly  of  ri^-ns  in 
reduction)  would  be  preserved  the  sid  ■>  clearance, 
mm.  width  b (Fig.  202a)  of  ring  is  usually  equal  to 
*■  ude  h was  equal  to  S-d  nm. 
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Foi  the  elimination  or  +he  possibility  of  tne  extrusion  of  ring 
into  clearance  they  decrease  the  radial  clearance,  and  also  they 
increase  the  hardness  of  rubber.  Since  the  latter  leads  to  a 
reduction  in  its  elasticity  and  to  the  loss  of  the  elasticity  of 
ring,  in  particular  at  low  temperatures,  and  consequently,  t o The 
loss  of  the  airtightness  of  packing/seal,  apply  two  rings, 

arrange/located  one  above  another  (Fig.  20  1a)  . The  internal  (lower) 
ring  a manufacture  from  the  soft  rubber  (60-70  unity  according  to 
Shore)/  which  retains  elasticity  at  low  temperatures,  and  external  b 
from  the  more  rubber  (30-00  unity  according  to  Shore),  capable  of 
resisring  the  pressure  of  liquid,  which  attempts  to  press  ring  for 
clearance.  A similar  packing/seal  is  useful  for  a worx  with  pressure 
cn  the  order  of  100  kgf/cm2. 


For  an  increase  in  the  closeness  cf  contact  of  rubber  ring  with 
the  packed  surface  into  groove  und jr  ring  frequently  will  be  fed  thr- 
pressuro  of  liquid  (Fig.  20  lb) . In  this  case  is  represented  possible 
to  use  rings  from  rubber  of  Mif  high  hardness  (80  [00  unity  according 
to  Shore)  or  ot  teflon,  thanks  to  which  is  removed  the  danger  of  the 
extrusion  of  ring  into  clearance.  Rings  a in  this  casa  are  placed 
into  grooves  wituout  side  clearance,  between  the  root  and  ♦he  ring  is 
provided  for  the  small  radial  clearance,  able  to  compensate  for  the 
bloating  of  rubber.  The  compression  ot  in’-  'inal  rinjs  is  realized  by 
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pressure  of  hydraulic  slipes  through  external  packing/seals. 
Experiments  on  similar  packing/seals  show  that  they  reliably  work  a* 
pressuies  350-4  00  kgf/cm2. 


Packing/seals  by  the  rings  of  round  c ross-sect ion.  In 
contemporary  technology  are  most  widely  common  the  pack ing/sea Is  by 

the  rubber  rings  of  round  cross-section  (Fig.  204),  th~>  operating 
principle  of  which  is  anaiogous  to  the  operating  principle  of  +!.e 

rings  of  rectangular  cross  section.  These  rings  reliably  and  long 
work  at  pressures  to  350  kgr/cin*.  with  the  preservation  of  ring  from 
extrusion  into  clearance  they  are  applied  in  pressures  1000  kgf/cm2 
and  sometimes  in  pressures  to  5000  kgf/cm2. 

The  rings  of  round  cross-section  are  used  as  in  motionless,  so 
in  movable  connections.  For  their  arran gement/permutati on  ara  applied 
predominantly  rectangular  grooves,  since  runber  is  virtually 
incompressible,  the  volume  or  groove  must  be  more  the  volume  or  iinq 
to  the  value  of  a possible  increase  in  the  latter  in  operation.  Page 
242. 


Fiq.  205.  Packing/seal  with  rubber  rings  with  shielding  adapters. 
Virtually  grooves  on  them  usually  ar^  constructed  with  the 
calculation  for  the  possible  lloating  of  rings  in  working  fluid 
within  limits  of  15o/o  of  initial  volume.  In  the  maiorit-y  of  cases 
the  size/dimensions  of  rings  and  grooves  in  piston  are  selected  by 
such  that  during  the  assembly  of  ring  in  groove  (with  reduction) 

would  be  preserved  side  clearance  (a  - d)  = 0.2-0.25  mm  (Fig.  204a). 
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For  pro vi ling  the  required  assembling  compression  of  rini 
(contact  stress)  diameter  d of  its  transverse  section  in  free  state 
and  depth  b or  groove  (Fig.  204a  and  b)  select  by  such  that  the  ring, 
placed  into  the  groove  between  the  packed  surfaces,  would  be  squeezed 
over  cross  section  to  value  k = d - b.  Packing/seal  is  estimated  at 
the  coefficient  of  the  preliminary  (assembling)  diametric  compression 

of  the  section  of  ring  at  the  radial  direction 

w 100%. 


The  reduction  of  rings  in  groove  in  the  general  case  is  s^lecte! 
equal  by  n - 9-1Jo/o. 

Dy  the  indicated  precompression  of  ring  is  created  the 
airtightness  of  compounds  at  the  zero  and  lew  pressure  of  liquid.  In 

. J 


■ 
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the  presence  ot  pressure  the  ring  hearth  by  its  action,  transf orning 
at  the  outer  side  of  groove,  creates  clcse  contact  with  the  packed 
surfaces  (Fig.  204c). 

surface  finish  characteristics  of  the  parts,  with  which  contacts 
the  ferrule  of  movable  connection,  is  led  for  the  purpose  of  a 
decrease  in  friction  down  to  V 0-10. 

The  ferrule  of  round  cross-section  transforms  under  the  effect 
cf  pressure  or  liquid  and  under  appropriate  conditions,  determined  by 
the  pressure  of  liquid,  by  the  hardness  of  rubber  and  by  the  value  ot 
the  packed  clearance,  it  can  te  pressed  irdo  the  clearance  be*  weer 
the  packed  surfaces  (Fig.  204c) . 

The  indicated  extrusion  of  ring  into  clearance  is  as  for  * he 
tings  ot  rectangular  cross  section,  the  basic  reason  for  i*s 
destruction,  with  the  extrusion  of  ring  into  clearance  the  acute 
angle  of  edge  a of  groove  cuts  into  intc  rinq,  destroying  its  surface 
(Fig.  204c). 
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Foe  the  elimination  of  tie  extrusion  of  ring  into  clearance  t 
size/dimension  ot  the  latter  must  be  as  small,  as  this  allow 
technological  possibilities. 

For  the  preservation  of  ferrules  from  extrusion  into  clearancn 
are  applied  * he  guard  rings,  placed  with  ont  or  along  both  sides  of 
ferrule  (Fig.  20Sa  and  b)  . Guard  Lings  is  recommended  the  applying  of 
in  pressures  more  than  100  kgf/rm?. 

When  using  guard  rings  the  rubber  packing  rings  of  round 
cross-section  can  be  applied  with  the  pressure  cf  order  1300  kgf/cm2 
and  above.  However,  guard  rings  (especially  leather)  considerably 
raise  (2-1  times)  friction  of  sealing  node/  unit. 

Guard  rings  can  be  made  from  any  elastic  material,  which 
possesses  sufticiont  hardness  in  order  to  resist  extrusion  by  its 
pressure  of  liquid  into  clearance.  Are  most  common  rings  from  skin, 
rubber,  teflon,  Textolite  and  etc. 


Calcu lat ions 


of  rings  and  grooves.  In  the  hydraulic  systems  of 
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machines  in  essence  are  applied  rectanqulat  grooves  (see  Fig.  204a) 
whose  size/dimensions  :nust  be  selected  in  such  a way  that  luring  the 
worst  combination  of  deviations  in  the  size/dimensions  of  matirq 
parts  would  be  provided  for  the  minimum  assembling  compression  of 
ring.  Page  243. 


Fig.  206.  Collars  for  the  packing/seals  of  running  sha  t si\\t  he  depth 
of  the  groove,  into  which  is  placed  the  ring,  together  with  the 
clearance  among  the  packed  surfaces  must  be  less  than  the  diameter  d 
poperecnogo  seceni4  svobodnogo  kolnqa  Na  velicinu  k,  value  of  which 
determines  the  value  of  the  pr  ecoir  pression  of  ring.  For  movable 

connections  with  the  rings,  which  have  cross-section  diameter  2 mm. 


value  k must  be  approximately  equal  to  lOo/o  ot  diameter  of  section 
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and  for  rings  2-b  nun  in  diameter  it  is  equal  to  10  - 6o/o  of  iiameter 
of  section,  for  static  seals  the  ptecompression  can  be  increased,  in 
accordance  with  how  value  k can,  if  this  is  a 1 lcw/assumed  by  the 
conditions  of  assembly,  to  Le  15-20o/o  of  cross-section  diameter  of 
ring. 


Taking 
compress  ion 
compr  ession 
dimensions 


into  account  tolerances  in  size  of  parts  the  acuil 
of  ring  can  be  less  than  calculated.  The  actual 
of  ring  taking  into  account  a change  in  the  linear 


k 


^mln  — 


where  ct  is  the  minimum  diameter  of  the  section  of  t^rrule  *aking 

pit  n 

into  account  the  possible  production  deviations;  h.,  - the  maximum 

depth  of  groove  under  ring. 

The  width  of  groove  must,  be  approximately  to  20-2ho/o  greater 
diameter  d of  the  cross  section  of  ring  in  its  fr^e  state  or  equal  *o 
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the  width  of  ring  in  s jueezed  r.tafp. 

PACKTNG/SFAL  OF  RUNNING  SHAFTS. 

Tht'  packiny/seal  (seal  iny/pressur  i zat  ion  ) of  running  shafts  is 

realized  by  two  methods:  in  the  circumference  of  shaft  (radial 
packi ng/so al)  and  over  faces  (end-type  cr  mechanical  pacK i ng/seal ) . 
Doth  methods  of  pac king/sea  Is  are  constructed  on  contact  principle. 

Radial  type  packiny/seals . In  machine-building  won  acceotance  of 
radial  (sleeve)  type  packiny/seal  (Fiy.  20b).  Ter  production  a collar 
utilize  rubber,  res  in- like  materials  ard  thinner  - skin. 


Figure  206a  and  b depicts  the  design  concepts  standard  collar 
from  rubber  and  Fig.  206  c - from  skin.  Pack  in g/ seals  with  rubber 
gaskets  (Fig.  20ba  and  c)  differ  from  each  other  in  terms  of  the 
place  of  the  location  of  the  metal  frame  (ring  cf  hardness)  1,  of 
employee  for  an  increase  in  the  hardness  collar  2.  The  framework/body 
is  arrange/located  from  outer  (Fin.  206a)  and  internal  (Fig.  2 06b) 
side  collar,  and  also  it  is  installed  inside  sleeve.  Fr a m^ work /body 


The  special  feature/peculiarity  of  the  work  of  the  packing/seals 
of  running  shafts  is  the  fact  that  the  contact  sealing  collars  with 
the  surface  of  the  packed  shaft  occurs  ever  small  surface,  in 
consequence  of  which  on  this  surface  and  the  contacting  with  it 
sealing  edge  the  collars  are  developed  high  temperatures.  In  view  of 
the  fact  that  with  a pressure  increase  of  the  packed  medium  contact 
pressure  and  friction  increase,  the  sealing  collars  in  question  are 
applied  in  the  pressures  of  ♦•he  liquid  before  the  packing/seal  not 
above  1-2  kgf/cm2.  page  244. 
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Fiq.  207.  Schematic  of  sottinq  sleeve  on  shaft. 


Key:  (1).  Axle/axis  of  shaft.  (2).  Axle/axis  of  sleeve.  mT  Collar 

it  must  b»  establish/installed  to  shaft  witu  tension,  which  is 
reached  by  the  fact  that  the  diameter  cc  o^eninq/apart  are  in  collar 
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in  free  state  is  selected  less  *-han  the  diameter  (jL  shaft  (Frg. 

/a 

207a).  T 1 practice  the  size/di  mens i ons  collars  select  so  that  during 
its  assembly  to  shaft  the  inner  diameter  or'  the  sealing  jaws  would  be 
increased  by  b-80/0. 


1 


For  providing  a reliable  contact  of  ring  with  shaft  apply  the 

supplementary  pressing  the  collars,  which  is  realized  with  the  aid  of 

spiral  (band)  spring  3 (see  Fig.  2oba  and  b) . The  inn^r  diameter  of 

the  ring  of  unloaded  spring  usually  approximately  to  2 mm  is  less 

than  the  working  diameter  of  groove  on  collar  under  spring,  equal  to 

diameter  & shart  plus  the  doubled  thickness  cellars.  During 
o 

calculations  they  proceed  in  order  that  with  the  minimum 

shaft,  the  maximum  thickness  cl  collars  and  the  maximum  inner  9 

8 nm 

diameter  ci  the  ring  of  spring  would  be  orovided  for  the 

0 m,l/ 

elongation  of  spring  not  less  than  on  1 mm  at  the  diameter: 


4"  ^max  do  , 


With  radiai  play  of  the  packed  shaft  the  airtightness  of 
packing /seal  unavoidably  is  disrupted.  This  is  caused  by  the  fact 
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that  for  the  prese  r va  t i on/retent  io  n/ma  int  a ining  of  Mi*  closeness  of 
contact  of  sleeve  with  shaft  it  is  necessary  to  ensure  the  continuous 
coupling  of  edge  collars  with  the  surface  of  shaft  during  its 
rotation/revolution.  From  the  diagram,  giv">n  Fig.  207b  it  is  apparent 
that  shows  with  the  eccentric  location  of  the  rotational  axis  of  the 
shaft  of  its  relatively  geometric  axle/axis  the  shatt  accomplishes 
gyration  with  the  amplitude,  equal  to  eccentricity  e.  In  this  case 
the  points  of  contact  of  the  edge  of  sleeve  with  shaft  accomplish  as 
a result  of  the  eccentricity  of  the  rotational  axis  of  shaft  motion 
along  oval  (elliptical)  trajectory.  If  the  edge  of  sleeve  does  not 
manage  as  a result  of  the  action  of  the  forces  of  inertia  and 
friction,  or  insufficient  elasticity  of  sealing  cell/element  to 
follow  ("  to  follow")  after  the  surface  of  shaft,  then  between  i*  and 
the  shaft,  is  formed  clearance  s,  instantaneous  posi+ior  of  which  will 
be  changed  in  each  revolution  of  shaft  by  lu0°.  The  possibility  of 
the  t orma tion/educa tion  of  this  clearance  and  its  size/dimension  art 
determined  by  eccentricity  e and  especially  by  the  frequency  of  nhe 
rctat ion/re  volution  of  shaft. 

Packing/seals  by  the  rings  of  round  cross-sect  ion.  For  the 
packing/seal  of  running  shafts  can  be  applied  also  the  rings  of  round 
cross-section;  however,  during  the  setting  up  of  these  rings 
according  to  usual  diagram  (square  with  the  rotational  axis  of  shaft) 
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tney  can  be  applied  only  in  small  peripheral  s[fei  (to  2.5  m/s ) ana 
the  radial  compression  of  ring  w not  mere  than  5-f>o/o. 


These  limitations  are  caused  by  the  fact  t ha  * on  “he  contact 
surface  of  these  rings  are  developed  inadm  issibly  the  high 
temperatures,  calling  the  rapid  output/yioil  of  packing/seal  nr 
sy  ste  m . 

1 

To  lower  friction  and  to  facilitate  work  conditions  is  possible 
with  the  setting  up  of  rings  at  certain  angle  (Fig.  2 OP)  for  “he 
plane,  perpendicular  to  the  axle/axis  of  shaft,  thanks  *o  which 
considerably  they  are  improved  the  lubricant  of  the  frictioi  surfaces 
and  condition  of  the  d iversior./ta  p from  them  of  heat.  The  lubricant 
in  this  case  enters  the  contact  zone  forcedly  and  with  .ash 
revolution  of  shaft  is  renewed.  Furthermore,  with  th°  incline! 
location  of  ring  the  zone  of  friction  is  not  limited  by  the  ridge  of 
contact,  but  seemingly  had  spread  by  ring  in  its  relative  motion,  as 
a result  ring  covers  wider  the  section  of  the  surface  of  running 


shaft,  thanks  to  which  considerably  it  is  improved  the  diversion/tap 
of  heat  from  rubbing  surface.  Page  245. 
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. 2 00.  Sealing/pressur iration  of  running 


shafts  by  the 


round  cross-section. 
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Diagrams  of  ^nd-type  pac k ing/sea Is  with  bellow 
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Ind-typo  typ°  pack  ing/sea Is.  Ir.  connection 
with  an  increase  in  the  requirements  for  the  packing/seals  of  running 
shalts  (work  with  high  pressures  and  the  revolutions  of  shaft  at  high 
♦’em  pc  Lat  ur^s)  arose  the  need  tor  the  investigation  of  ♦ he  new 
diagrams,  corresponding  to  these  conditions. 

Most  completely  these  requirements  answer  end-type  type 
packing/seals  (Fig.  207),  in  which  the  driving  packing  surface 

contacts  with  the  external  surface  of  shaft  in  the  plane, 
perpendicular  to  the  axle/axis  of  shaf^.  These  packing/seals  provide 
high,  virtually  complete  airtightness  and  large  service  life,  and 
also  they  differ  in  tt-rms  of  relatively  low  power  losses  to  friction. 
Packing/seals  can  be  applied  in  the  peripheral  speed  of  the  packed 
node/unit  to  60  m/s  an  i the  pressures  or  the  packed  medium  *o  400 
kgf/c 

End-typo  packing/seal  (Fig.  209)  consists  cf  spring  1,  ferrule 
2,  prepared  from  soft  antifriction  material,  and  which  contacts  with 
it  on  the  end/face  of  the  metallic  carrier  ring  (bush)  of  4 high 
hardnesses.  Ferrule  hermetically  sealed  connected  either  with  running 
shaft  or  with  stationary  casing.  Carrier  ring  in  the  first  case  is 
placed  in  housing  and  in  the  second  - on  running  shaft.  In  ♦his  case 
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one  or  the  rings  must  free  bo  mixed  along  axle/axis.  Therefore  it  by 

spring  1 can  be  pressed  to  the  second  ring,  with  the  aid  of  spring  is 
created  preliminary  contact  face  pressure  of  rings,  sufficient  for 

the  prevention  of  hydraulic  slipes  at  zero  or  the  close  to  it 
pressures  of  working  medium.  With  an  increase  in  the  pressure  to  the 
ef tort/force  of  spring  1 is  added  the  effort/force  of  the  unbalanced 
pressure  of  liquid  in  the  cnamber  from  spring,  thanks  to  which 
contact  pressure  (specific  load)  that  which  slide  the  vapors  it  will 
be  raised  proportional  to  an  increase  in  this  pressure. 

The  packing/seal  of  the  radial  slot  between  movable  cel 1/ele ment 
(ring)  2 and  housing  is  realized  by  a circular  rubber  ring  by  \ (Fij. 
204)  cr  other  ferrules  and  by  collars,  and  also  bellows  (Fig.  210a 
and  b ) . 

The  re  1 ia  Dili  t y of  the  opera*  ion  of  scaling  'jpiipm  nt  /devices  in 
question  first  of  all  depends  under  otherwise  equal  conditions  on  ♦ in- 
correct relationship  of  the  area  of  the  contact  surface  of  rings  r 
and  of  area  f,  on  which  ars  the  jiossure  or  liqnii,  which  loads  the 
moving  cel  1/ele ment  (ring)  of  packing/seal,  and  also  initially  fror 
the  effort/force  of  spring,  initially  loading  this  c« 1 1 /el • men t . 


. A 
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Page  246. 

For  a reduction  in  the  contact  pressure  the  area 

/*-£  (d?-4). 


on  which  acts  the  pressure  of  the  liquid,  which  presses  slider  to 
motionless,  is  selected  less  than  the  area 

F = ^(di-dl), 


on  which  it  occurs  contact  the  vapors  (see  Fig.  209)  . 


By  the  correct  selection  ol  the  relation 
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which  is  called  the  coefficient  of  the  balancing  of  packing/seal,  it 
is  possible  to  obtain  the  contact  pressure  of  rings  considerably 
lower  than  the  pressure  of  working  medium. 


I 


Assuming  that  the  direct  contact  of  the  surfaces  of  the  sliding 
pair  is  absent  (acting  forces  are  balanced)  and  flow  of  liquid  in 

clearance  it  is  subordinated  to  hydrodynamic  law,  equilibrium 
condition  of  the  axial  forces  of  those  applied  to  movable  under  axial 
direction  o ' 11/ele  uient  2,  will  take  the  form 

pcpF  = Ap/  ±7  — Pnp  = 0,  (69) 


where  p is  tha  mean 

I Cp 

the  adjacent  surfaces 


pressure  of  liquid  in 
of  rings;  F = n (d2j  - 


the  clearance 
d?3)  /4  - the 


he* wee  n 
area  of 


the  adjacent  surfaces;  Ap  = p(  - p2  - the  pressure  differential 


between  the  packed  medium  and  low-pressure  cavity  (when  low-pressure 
cavity  is  connected  with  the  atmosphere,  Ap  = pt)  ; f = n ( d 2 1 - d22) 
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/4  - tin?  dr«af  on  which  acts  the  pressure  of  liquid,  which  presses 
moving  cel  1/element  the  vapors  to  motionless;  T acts  the  frictional 

is  an  etfort/force  ot  the 


force  of  movable  ce  li/element ; P 

n 

tightening  of  spring. 


Tn  view  of  the  fact  that  of  the  correctly  designed  packing/seal 
sum  t t ?,  ! usually  does  not  exceed  c-3o/o  of  axial  force  of  the 
pressure  of  liquid,  which  acts  on  moving  cell/element,  in  the 
calculations  by  it  usually  they  disregard.  Under  this  assumption 

equation  (69)  will  take  the  form 


or 


Pep  — Pi  — 


r,(4~4) 

4-4 


4-4 

4-4 


Page  247. 

Allow/assuming  further,  that  pressure  distribution  of  liquid  ii 
clearance  in  radial  direction  in  the  width 


packing  surface  (band)  will  be  linear,  which  will  be  correct  under 
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the  condition  of  the  parallelism  of  the  surfaces,  which  form 
clearance,  it  is  possible  to  accept 


Accordingly,  the  equilibrium  of  forces  of  the  pressure  of  liauid 
on  ferrule  taking  into  account  the  indicated  wedging  action  of  liquid 
during  the  linear  distribution  of  clearance  pressure  will  set  in 
under  the  condition 


where  k - the  coefficient  of  balancing  (discharging). 
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At  this  coefficient  of  k of  balancing  the  closeness  of  contact, 
required  for  the  prese r va t lon/retent ion/m ai ntai m ng  of  a 1 r t iqh t ncsr , 
is  achieved  only  by  the  action  of  the  stress  force  of  spririq  1. 


Since  the  distribution  of  clearance  pressure  according  to  a 
radius  cun  be  nonlinear,  the  coefficient  of  balancing  usually  selects 
k - 0.6,  since  otherwise  the  effor*/torce  cf  the  pressure  of  liquid 
in  clearance  can  exceed  the  effort/force  of  pressing  rings  and 
packinu/seal  "will  be  opened". 


During  the  taken  condition  k > 0.6  will  appear  the  surplus  of 
power,  which  presses  slider  to  motionless. 


The  airtightness  of  end-type  pucking/seal  greater  than  other 
packing/seals,  depends  on  the  accuracy /precis ion  of  production  ana 
quality  of  sliding  surfaces.  The  most  important  value,  and  in 
particular  at  the  high  slip  rates,  has  an  cfcservance  of  ►h^ 
perpendicularity  of  the  sealino  plane  to  the  rotational  axis  of 


sha  ft. 


A 
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The  permissible  end-type  play  depends  on  velocity,  which  is 
cause!  by  the  fac*-  that  if  with  small  revolutions  the  movable  in 
axial  direction  ring  can  in  full  or  in  part  compensate  some 
disturbances  of  the  perpendicularity  of  contact  surfaces  to 
Lotatiot.al  axis,  then  at  the  high  frequencies  of  rotation/revolution 
per  minute  this  compensation  due  to  the  action  cf  the  forces  will 

become  impossible,  and  rinq  as  a result  of  the  formed  tapered 
clearance  had  lost  closeness  of  contact,  i.e.,  wi^h  certain  end-type 

play  the  orientinj  rinq  as  "jumps",  retaining  contact  with  carrier 
rinq  not  over  an  entire  surface,  but  only  at  one  point. 

Great  effect  on  the  airtiqhtness  cf  packing/seal  exerts  the 
flatness  of  the  contacting  (workers)  surfaces  of  tracks,  deviation 
from  which  both  during  the  production  and  in  operation  must  not 
exceed  1 - 0.r>  pm  by  a radius  r>0  mm.  Most  rational  is  the 
purity/finish  of  treatment/working  the  working  surfaces  of  ferrules 
on  requirements  V7  10. 

Tne  given  requirements  for  the  minimum  of  end-type  play  and 
parallelism  of  working  surfaces  partially  can  be  lowered  during 
applies  t ion/use  of  pack  in  g/sea  Is  with  spherical  (se«  Fig.  210b) 
r i ng  s . 


1 
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Specifically#  is  common  the  pair  from  bronze  and  cast  iron  ferrules 
and  steel  carrier  Lini)  (bash)  with  the  cemented  surface. 


► 


the  effect  of  the  quality  of  the  aocon*  Juiindtion  (filtration)  o4-' 
liquids  on  the  work  of  hydroaggregates  is  sc/such  great,  that  withou- 
exaggeration  it  is  possible  to  eon  lira  that  the  service  life  of 
hydraulic  machines  and  hydroaggregates  can  te  increased  or 
low er ed/r edu ced  depending  on  the  quality  of  the  decontamination  of 
liquids  several  (to  ten)  once.  The  particles  of  contaminator,  as  a 
rule,  raise  friction  and  can  lead  to  the  wedging  of  the  movable  parts 
of  hy dtoa gg rega tes,  and  also  te  the  reason  tor  the  galloping  motion 
of  exit  component/ link  during  a smooth  change  in  the  control  signal. 
Solid,  and  in  part icuiar  the  abrasive  particles,  caught  in+o 
clearance,  cause  the  wear  cf  working  surfaces  sliding  the  vapors 
during  its  motion. 

Filter  is  called  equipment /device , in  which  the  liquid  undergoes 
decontamination  from  the  solid  and  viscous  contaminating 
impurity/admixtures,  wiiich  fall  into  hydraulic  system  from  without 
(specifically,  with  airborne  dust)  , and  also  the  forming  as  a result 
of  wear  parts  of  hydroaggregates  and  aging  of  liquids.  From  solid 
particles  destructive  for  hydroaggregates  are  the  particles,  which 
form  part  of  airborne  dust,  wiiich  fall  into  the  tank  through 
different  channels. 


noc  = 7722010s 


r*  A(j  e 

Obvious,  to  achieve  the  absolute  purity/finish  of  liquids  with 
the  existing  methods  of  their  o^con  t am  i nat  i cn  is  impossible.  In  view 
of  this  during  t ho  solution  to  the  question  concerning  requirements 
foL  the  quality  (fineness)  of  ril^raticn  it  is  necessary  to  be  guided 
by  experimental  la^a  and  recom  metidat  ior.  s.  Virtually  filtration  is 
considered  satisfactory,  it  the  size/dimension  of  thn  capillarv 
channels  ot  the  filtering  material  docs  not  exceed  minimum  clearance 
by  the  sliding  vapors  of  the  h ydroagqrega te,  for  which  is  intended 
the  filter.  These  requirements  in  the  general  case  they  satisfy 
filters  with  the  fineness  of  decontamination  5 pm  ani  for  the 
critical  hydraulic  systems  (control  systems  with  servo  valves,  et a.) 

- with  the  fineness  ol  decontamination  3 pm. 

FINENESS  OF  FILTRATION. 


The  material  of  filter  cells  must  be  maximally  penetrated; 
however,  capable  of  detaining  the  smallest  possible  particles  of 
mechanical  conn ect ion/ incl u sions.  Accordingly,  it  must  have  the 
smallest  uniform  grid  with  maximum  as  the  area  of  passage  cell? 

(porcr.)  and  by  their  amount  per  the  unit  surface  area  of  material. 

The  amount  of  these  cells  per  unit  of  surface  determines  the  fineness 
of  filtration,  which  is  characterized  by  the  size /dimensions  of  pore 
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channels  in  filter  material  or,  which  is  the  same,  hv  tie  siz- 
paLticlep  of  the  co  nt  am  i n at  cr , which  are  held  ly  cleaner. 


Page  24  9. 


Therefore  by  tne  fineness  of  filtration  is  understood  th» 
minimal  size  of  particles  of  the  cont am  in  a tor  of  the  filtered  medium, 
recovered  by  filter  cell,  i.e.,  the  ability  of  filter  to  detain  (to 
drive  out)  from  the  liquid  of  the  particle  ot  the  specific 
size/di  me  risi  ons. 


In  accordance  with  requirements  tor  the  fineness  ot  the 
decontamination  of  liquids  divide  the  filters  of  coarse,  normal, 
fine/t.hin  and  especially  fine  purification,  the  restraining  particles 
of  contaminator  with  a conditional  diameter  of  more  than  100;  10;  5 

and  1 pm. 


In  industrial  markings  and  under  technical  specifications  tor 
filters  usually  they  indicat0  the  mirinnim  (nominal)  sizj  of 
particles,  which  are  detained  by  this  filter.  Thus,  for  instance,  "10 
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- mic  comet  tic"  the  filter  is  defined  as  filter,  which  must  provide 
re moval/di stance  in  one  operation/pass  98o/o  (throughout  mass)  of  all 
particles  with  size/dimension  on  the  greatest  measurement,  equal  or 
large  10  pm.  The  better/best  s pcci men/sam pies  of  series  filters 
provide  the  fineness  of  filtration  5 pm. 


METHODS  Of  FILTRATION  AND  TYPES  OF  FILTERS. 


Isold tion/evoluti on  from  the  liquids  of  the  solid  contaminating 
impurity/admixtures  is  realized  by  mechanical  or  power  methods.  In 
the  first  case  the  filtration  is  realized  applying  different  slotted 
and  porous  filter  colls  (materials),  and  in  the  seconl  - by  the 
application/use  of  force  fields  - magnetic,  electrical,  centrifugal, 
etc. 


in  the  hydraulic  systems  of  machines  is  applied  predominantly 
the  first  purification  method,  with  which  from  liquid  with  passaye  by 
it  through  the  filter  coll  are  separat  e/1  ibtrat  ed  the  particles  as  a 
resulf  of  a difference  in  the  size/d  intensions  cf  these  particles  and 
passage  capillary  channels  of  filter  material. 
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Metallic  wirings.  When  to  tilters  are  not  hiqh 

requirements  with  respect  to  the  lineness  of  decontamination,  are 
applied  the  metallic  woven  meshes  of  square  entanglement  from  the 
wire  (by  predominantly  brass)  of  round  cross-section. 


The  filtering  gualit.ies  of  these  filters  (fineness  of  filtration 
and  fluid  flow  rate)  are  characterized  the  size  of  cell  in 
wor ld/1 iqht  and  "density"  or  by  tha  area  of  the  living  (passage) 
section  of  cells  into  units  of  surface  area.  The  last/latter 
parameter  expresses  as  the  coefficient  of  clear  opening  b,  which  is 
the  ratio  of  the  area  of  the  passage  cells  F0  to  the 
common/general/total  area  F of  *he  mesh: 


where  d is  a diameter  of  the  wire  of  mesh;  a 


the  sizo/di mo  ns  ions 


of 


the  side  of  mesh  in  world/light. 
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Decrease  under  all  other  identical  conditions  of  the  value  of 
cell  is  accompanied  by  a decrease  in  the  coefficient  or  the  clear 
opening  of  mesh,  and,  as  a result,  by  an  increase  in  the  hydraulic 
friction  of  filter.  Filter  elements  from  meshes  are  fulfilled  in  the 
form  of  cylinders  with  the  corrugated  or  smooth  surface  (Figs.  211 
and  212),  and  also  in  the  form  of  the  set  (package)  of  mesh  disks 
(Fig.  213)  and  etc.  In  order  tc  avoid  the  failure  of  mesh  in  the  case 
of  its  blocKage  by  the  filtered  out  inclusions,  in  the  casing  of 
filter  is  placed  bypass  valve  a,  which  luring  the  blockage  of  filter 
element  and  an  increase  in  this  case  in  the  pressure  differential  on 
it  is  open/disclosed,  and  liquid  (roceels  * o exit  branch,  passing 
filter  element. 


Gauze  filters  frequently  are  fulfilled  also  with  several  (by  two 
and  three)  layers  of  filtering  meshes  with  the  constant  in  all  meshes 
size/dimensions  of  cells  or  M.e  meshes,  the  s ize/ 1 i mens  ion  of  cells 
of  which  decreases  from  one  layer  to  the  next  in  fluid  flow  (Fiq. 

212).  The  application/use  of  filters  with  multilayer  meshes 
considerably  raises  effectiveness  and  the  fineness  of 
decontamination.  Page  2b 0. 
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Fig.  215.  Paper  filter  elements. 


Fig.  216.  Structure  of  filter 
(a)  and  the  design  diagram  of 


material  from  the  wintered  ball/spheie 


filter  element  (b) . +|  Th^  fineness 
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of  filtration  by  these  filters  depends  cn  the  size/dimension  of  iresh 
in  the  world/liyht , minimum  value  of  which  for  the  mesh  os  of  simple 
entanglement,  is  equal  to  to  0.08-0.1  mm. 


In  the  hydraulic  systems  of  some  machines  (airplanes,  etc.) 
apply  the  nickel  filtering  meshes  of  * ne  complex  oraiding  (twill, 
etc.),  better/best  spec  imen/sa  mples  of  which  filter  out  particles  2-3 
pm  in  size/dimension.  These  meshes  consist  of  several  (5-10)  layers 
of  the  twisted  wire,  between  which  arc  laid  the  cell/eleme  rits  from 
woven  wire.  The  wire  diameter  is  frequently  equal  to  several 

microme  ters. 


Filters  with  paper  cell/c -lemer.t  s . Filters  with  paper  and  cloth 
ceil/elements  detain  in  one  operation/pass  the  considerable  (7So/o) 
part  of  hard  spots  whose  size/dimension  is  more  than  4-^  pm.  Filters 
they  supply  with  bypass  valve  (Fig.  214). 


In  order  to  exclude  the  possibility  of  the  incidents/ im pi nqement 
into  system  in  the  case  of  d is  cover y/o pen  in y the  bypass  valve  of 
unfiltered  oil,  filters  they  supply  with  the  supplementary 
cell/element  of  rough  cleaning.  Th^>  diagram  of  this  filter  wi-h  the 
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combined  cell/element,  which  consists  of  the  ce  ll/element s of 
fine/thin  2 and  coarse  1 decontamination,  is  represents!  in  Fig.  214a 
and  b.  To  disco  var  y/opening  bypass  valve  (Fig.  214a)  liquid 
consecutively  it  passes  through  both  cell/elements.  During  *he 
blockage  of  the  ce ll/o lement  (fig.  214b)  of  fine  purification  is 
open/disclosed  bypass  valve  3,  and  the  liquid  through  the 
co 1 1/ element  of  rough  cleaniny  proceeds  to  exit  branch,  passing  the 
cell/element  of  fine  purification. 

Paper  ceil/element  usually  is  made  in  the  form  of  the  cylinder 
whose  walls  for  an  increase  in  the  filter  surface  area  are 

assemble/collected  into  the  folds  of  one  form  or  ’■he  o^hor,  supported 
with  metal  frame  (Fig.  215). 

Deep  filters.  The  filters,  in  which  liquid  it  passes  through  the 
thick  ress  of  porous  material  (filler)  , are  called  deep.  The  filters 
of  this  type,  each  capillary  of  which  has  tne  large  amount  of 
consecutive  pores,  which  reaches  to  hundred  and  more,  it  is  possible 
to  compare  on  the  effectiveness  of  filtration  with  th«  mul*iiay*r 
filters  of  surface  types  with  the  same  length  of  capillaries  and  th« 


amount  of  pores  in  them.  Since  contaminator  is  detained  in  thes^ 
filters  in  essence  in  the  pores  of  the  thickness  of  material,  these 
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filters  with  t tip  identical  contamination  of  liquid  hav-^  in  comparison 
with  surface  filters  hiyher  dirt  capacitty  and  service  lives. 

Are  widely  common  deep  type  filters  with  the  fillers  from  porous 
metals  and  ceramics,  obtained  by  sinteriny  metallic  spherical  and 
non.sphe  rica  1 powders. 

The  diagram  of  the  porous  structure  of  cermet  filtering  material 
is  represented  in  Pig.  216a.  Page  252. 
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The  size/dimensions  of  the  pores  of  cQl  l/elera^nt  s iron  powdered 
moral  and  ceramics  are  selected  on  the  basis  of  the  maximum 
conditional  diameter  of  the  particle  of  conta  m ina  t or , which  can  {as., 
in  the  clearance  between  three  by  tightly  packed  spheres  with  f hr 
spherical  form  of  the  initial  powder  and  the  point  contact  of 

ball/spheres  the  maximum  linear  size  of  pores  (maximum  conditional 
diameter  of  the  particle  of  contaminatcr,  which  can  ^rav^rsp  the 
pore)  it  is  possible  to  calculate  according  tQ  expression  (Fig.  ?1t!) 

d = 0,155 D, 

where  D - the  diameter  of  grain  (ball/sphere)  of  the  initial  powder. 

In  actuality,  the  linear  dimension  of  pores  as  a result  of  the 
roughness  of  grains,  deviation  from  their  correct  spherical  form  than 
less  indicated.  Taking  this  into  aocoui  t the  actual  siz->  of  the  pores 


d *=»  0.1D. 
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Is  represented  possible  to  obtain  the  minimal  siz^  (diameter  D) 
of  the  sphere  of  metallic  initial  material  approximately  5 which 

corresponds  to  the  conditional  diameter  d of  the  pores  of 
cell/element  0.5  pm. 

This  conditional  diameter  of  pore  determines  the  nominal 

fineness  of  the  decontamination  of  liquid.  However,  experiment  shows 
that  these  fillers  detain  the  considerable  amount  of  particles  whos*-  j 

size/dimensions  are  less  than  the  nominal  (conditional) 
size/dimension  of  pores.  The  latter  is  caused  by  the  fact  * ha*  the 
particles  with  a size/dimension  of  t he  undersize  of  pores  are 
detained  in  the  narrowing  themselves  labyrinths  of  the  space  lattice 
(porous  structure)  of  material. 


The  advantages  of  metallic  filtering  material  inclule  also  the 
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fact  that  they  a Llow/a  isunie  machimni,  grossing,  sintering,  and 
majority  - soldering,  thanks  + o wnich  of  them  it  is  possible  * o 
manufacture  t ha  ce 1 1/e le men ts  of  any  requiring  form. 

In  the  majority  of  cases  * hese  cell/elemerts  are  manufactured  in 
the  form  of  the  corresponding  form  of  briquettes  or  sheets  0. 4-1.0  mm 
thickness,  from  which  can  be  made  the  cell/element,  analogous  i r, 
construction  paper. 

Figure  217  shows  filter  with  the  element  of  lamellar  structure. 
Disks  1 on  periphery  are  weldta  by  argon-arc  welding.  In  each  disk 
there  is  to  100  Layers  of  ball/spheres.  Filter  is  equipped  with 
bypass  valve  and  the  indicator  of  2 contaminations  in  the  form  of  the 
red  knob/button  whose  lift  testifies  tQ  the  contamination  of  t ilter 
more  than  ‘SOo/o. 

Calculation  of  filters.  The  calculation  of  filter  is  reduced  to 


the  determination  of  flow  of  liquid  and  hydraulic  friction  (losses) 
per  the  unit  surface  area  of  filtering  material. 
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In  view  of  the  complexity  of  the  pcrous  structure  of  the 
majority  or  filterin';  materials,  which  consists  of  the  connected 
between  themselves  pores  and  the  complex  g r id /net  work  of  thQ  channels 
(capi llaries)  or  various  forms  and  size/dimensicns,  which  moreover  in 

a number  or  cases  change  under  *-fie  action  of  pressure  d if  f ereri  t ia  1 , 
to  establish/install  for  the  majority  of  filtering  materials 
regularity  and  to  give  analytical  expression  for  the  stream 
conditions  of  liquid  is  virtually  impossible,  in  view  of  this  the 
hydraulic  characteristics  of  the  filtering  material  are  determ ined , 
with  the  exception  of  individual  cases,  experimentally. 


The  specific  capacity  q 1/  (min«cm?)  and  respectively  the 
expen  lit  ute/consum  ptron  of  liquid  in  filter  2 1/mi  r.  can  ba  expressed 
by  the  dependences,  which  escape/ensue  from  poiseuille  equation: 


<?  = 


k^E.. 

. t1  ’ 


r 
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where  k = J(j/Ap  is  expressed  the  proportionality  f actoi , which  is  the 
specific  capacity  of  the  unit  surface  area  of  filtering  material  in 
1/  (min»cm2)  with  a jurap/drop  in  the  pressure  1 kgf/cm2  and  in  the 
dynamic  viscosity  of  liquid  1 poise;  p - the  dynamic  viscosity  of 
liquid  beir  j filtered  in  poise;  Ap  - the  pressure  differential  or. 
filter  in  kgt/ciu2;  F is  a surface  area  of  cell/element  in  cm7. 


Experiment  shows  that  coefficient  k for  this  filter  material  is 
retained  under  otherwise  eaual  conditions  in  practice  constant  over  a 
wide  range  of  axpendi* ure/consumpt ions  and  the  pressure 


differentials,  thanks  to  w h ich  is  represented  possible  to  utilize  it 
as  a comparative  evaluation  of  the  hydraulic  friction  of  ♦‘his 
material.  The  value  of  this  coefficient  is  }iven  in  the  plant 


* 
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characteristics  of  materials. 

Diagrams  of  filtration  and  the  site  of  installation  of  filter. 
They  filter  either  entire  fluid  flow  or  part  of  it.  The  first  diagram 
is  called  th«  diagram  consecutive,  and  the  second  - by  the  diagram  of 
the  parallel  connection  of  filter. 


The  sequential  switching  circuit  of  filter  provides  the 
filtration  of  an  entire  liquid,  which  participates  in  circulation, 
filter  in  this  case  must  he  designed  to  complete  fluid  flow  rate. 


The  riltration  of  part  of  the  flow  is  commonly  use l when  are 
presented  the  requirements  for  especially  careful  decontamination  of 

the  liquid,  which  enters  the  critical  hydroaggreqates,  and  also  for 
the  preventive  fine  purification  of  the  liquid  of  hydraulic  system. 
For  the  filtration  of  part  of  the  flew  are  commonly  used  deep  fine 
f i Ite  rs. 


Tn  the  majority  of  cases  it  is  expedient  to  apply  simultaneously 
both  diagrams  of  the  filtration:  for  the  filtration  ot  entire  flow  to 
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apply  the  filter,  which  has  relatively  high  porcsitv,  ini  for  the 
protection  of  the  especially  critical  assemblies  - fine  filters. 

When  selecting  place  for  the  installation  of  the  filter  of 
complete  expend  it  ure/c  onsum  pt  i or. , they  are  guided  by  the  following 
considerations.  For  the  preservation  of  the  pump,  which  is  most 
sensitive  to  the  contaminations  of  liquid  filter  desirable  ‘o 
establish/install  in  the  suction  line  of  pump  (Fig.  218a).  However, 
in  view  of  the  fact  that,  filter  increases  the  friction  of  *he  suction 
line  and  makes  the  conditions  of  the  filling  of  pump  with  liquid, 
this  mounting  method  of  filter  worse  under  hydraulic  systems  with 
self-priming  pump  is  not  common. 

During  the  installation  of  filters  on  delivery  line  (Pig.  218b) 
there  can  he  obtained  higher  friction.  The  casing  of  filter  in  this 
case  will  be  located  under  operating  pressure. 

Is  applied  also  the  installation  of  filter  in  a-he  drain  line 
(Fig.  218c),  in  which  through  the  filter  it  passes  liquid  also  in  the 
periods  of  discharging  pump.  Page  254. 
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Magnetic  filters  of  liquid.  For  trapping  ferromagnetic  particles 
are  applied  also  the  magnetic  filters,  which  usually  combine  with  any 
slotted  (porous)  filter.  First  stage  of  such  re jector-acce pt or 
circuits  is  the  magnetic  cell/t leraent,  which  delays  (recovering) 
ferromagnetic  particles,  and  the  second  is  the  porous  filter,  which 
detains  the  diamagnetic  contaminating  particles,  and  also  the 
ferromagnetic  particles,  which  were  being  detached  away  from  first 
(magnetic)  stage.  The  application/use  of  a magnetic  field  in  ♦he 
similar  rejector-acceptor  circuit  raises  also  the  fineness  of  th» 
filtration  of  porous  filter. 


Magnetic  field  usual  is  created  by  several  (two-three)  permanent 
magnets,  fastened  from  the  outer  side  of  the  casing  of  the  filter, 
which  in  this  case  is  manufactured  from  material  with  high  magnetic 
permeabil  i ty. 


Figure  219  shows  the  rejector-acceptor  circuit,  which  consists 
of  mesh  filter  package  2 and  two  established/installed  on  entrance 
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and  exit  permanent  magnets  1 and  3,  which  recover  ferromagnetic 
particles.  Liquid  it  passes  through  the  groove/slots  of  lower  magnet 
inside  cylinder  with  mesh  package  and  emerges  through  the 
groove/slots  of  the  upper  magnet. 


Magnetic  filters  detain  the  smallest  ferromagnetic  particles 
(0.4  pm  and  less),  which  cannot  be  separate/liberated  by  mechanical 
filters.  Simultaneously  with  this  magnetic  filters  recover  also  the 
nonmetallic  particles  of  cont  aminator , which  bein.)  connected  in 
magnetic  field  together  with  ferromagnetic  particles  form  the  easily 
separate/liberated  large  particles. 


The  cent ri f u j a 1 filters  of  liquid.  In  the  hydraulic  systems  of  a 
series  of  machines  are  applied  the  centrifugal  filters  of  liquid 
(centrifuges),  which  clean  liquid  from  the  contaminating  particles 
with  the  density,  which  exceeds  the  density  of  liquid. 


The  schematic  diagram  of  centrifugal  filter  is  represented  in 
Fig.  220a.  The  liquid#  which  is  subject  to  decontamination,  is 


supplied  through  the  tubular  axle  under  pressure  3-6  kgf/cm?  in 
rotating  rotor  1,  in  which  it  untwists  to  certain  speed,  close  to  the 
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speed  of  rotor.  In  this  case  mud  irapur ity/adm ixtures  (particle)  with 
density  exceeding  the  density  of  oil,  are  reject/thrown  by  * he  action 
of  centrifugal  force  to  the  walls  of  rotor  and  are  precipitated  out 
on  them. 


The  centrifugal  force,  which  acts  on  the  particle  of 
cor.ta  minat  or , which  rotates  together  with  by  that  filled  by  liquid  by 

rotor , 

■ F n = (nl  — mx)  rb>'  = V (p  — iv)  rrr , 

where  m = Vp  arid  rnx  = Vpx  - the  mass  of  the  particle  of  con  ta  m inator 
and  liquid;  p ani  P - the  particle  density  of  con t am  in  a t or  and 

' vhc 

liquid;  V - the  volume  of  the  particle  of  con t a mi na tor ; r is  t he 
current  radius,  i.e.f  the  instantaneous  distance  of  the  center  of 
gravity  of  particle  of  the  spin  axis  of  rotor;  u is  the  angular  rate 
cf  rotation  or  particle  around  the  axle/axis  of  rotor.  Page  2r>S. 


Accepting,  that  the 

angular  velocities  of  liquid  and  rotor  are  equal,  can  writ® 


where  r is  frequency  of  the  rotation/revolution  of  rotor  in  r/mir.. 

Under  the  action  of  centrifugal  force  )-  the  partial®  of 

•H  

cont aminator , overcoming  resistance  of  liquid  , is  moved  in  radial 
direction  at  certain  rate  of  deposition  V ^ (Fig-  220a)  . 
Simultaneously  particle  is  movtd  together  with  the  liquid  through  the 
rotor  in  axial  direction  with  the  rate 


where  Q - fluid  flow  rate  through  the  rotor;  S is  a flow  passage 


cross-sectional  area  of  rotor  (area  of 


its  clearance  space) . 
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In  summation,  the  particle  is  move  3 at  resultant  v-loeity  v at 
certain  anqle  to  the  axle/axis  of  rotoi,  approaching  its  wall.  Upon 
reaching  of  wall  it.  deposits  on  it.  During  this  particle  motion 
ex  per  ience/tests  the  hydraulic  friction,  radial  component  /-  of 

which  can  be  calculated  for  a spherical  particle  according  to  Stokes' 
formula  (inertia  strengths  of  particle  we  disregard) 


f 


Fc  = 3npr'prf, 


where  g - the  dynamic  viscosity  of  liquid;  d is  a conditional 
diameter  of  particle. 


For  the  case  of  uniform  particle  motion  is  correct  the  equality 


— Fe. 


accord ingl y 


V (P  — P*)  ' = 3 nnVpd. 


(70) 


DOC 


77220109 


PACE 

Under  condition  Fu<zFc  the  particle  is  not  precipitated  out  on  the 
wall  or  centrifuge. 


I The  minimum  liameter  d of  the  spherical  particle  of 

Co nt aminat or , which  is  p recipitated  out  at  the  given  speed  in  the 

rotor  of  cleaner  in  one  ope  rat.  ion/ pass  through  it  of  liquid,  we  find 
from  expression  (70): 


Vw-r 


(p  — P*). 


Practical  interest,  and  in  particular  at  the  high  velocit ies  of 
the  rotation/revolution  of  centrifuge,  can  present  the  calculation  of 
the  pressure  of  liquid  on  its  walls,  when  the  liquid  rotates  at  the 
same  angular  velocity,  as  centrifuge,  each  particle,  which  is  located 


at  a distance  r from  center  of  rotation,  is  subjected  fo  the  action 
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of  the  ce  nt  r i pe  ta  1 acceleration: 


Page  256. 


Pressure  p,  developed  on  radius  r,  is  calculated  frost-  th° 


ex  pre  ssion 


(p  — pV)  _ (p  — P.w>  «* 
P—  2 2 


where  u = ut  - the  peripheral  (linear)  velocity  of  liquid  on  radius 


Tn  centrifuge  tee  liquid  tills  not  cylinder,  hut  the  annular 
space  of  the  mass  of  liquid  (it  is  noted- by  points) 
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According  to  the  type  of  the  drive  of  centrifuge  (rotors)  it  is 

possible  to  divide  into  filters  with  hydrojet  and  witn  power  driva, 
whereupon  are  most  common  centrifuges  with  the  hydrojat  drive, 
constructed  according  to  the  principle  cf  Segner’s  wheel  (Fig.  220c). 
The  purified  liquid  from  the  rctor  through  the  hollow  exit  axle/axis 
cf  rotcr  proceeds  to  two  ar ranqe/locat ed  tangentially  the  axle/axis 
of  rotor  and  diametrically  opposite  each  other  to  nozzles  (nozzles) 
a.  The  reaction  forces  of  fluid  flow,  which  escane/ensuos  from  these 
sopel,  create  the  t crque/moroent,  which  gives  rctor  with  its  filling 
liquid  in  rotation/revolution  with  the  frequency,  which  can  h3  led  ro 
6000-7000  r/mi n. 


The  reaction  force  of  fluid  flow 


which  esca pe/ens ues  of  one 


nozzle,  according  to  expression  (17) 


R — ~y  (u  — vcon)  = p (u  - v„n). 


where  in  = Op  - the  mass  fluid  flow  rate  per  second  for  drive  sopel 
(escape/ensu inq  from  both  nozzles)  ; 0 is  fluid  flow  rate  for  the 
drive  of  centrifuge  (expenditure/consumption  throuah  both  nozzles  per 
second);  p - the  density  of  liauiu;  u - the  jet  velocity  of  fluid 


DOC 


77  2 20  109 


P AO  t 


where  p ir.  a coefficient  of  the  expend i ture/consumption  of  rozzle  (it. 
is  possible  *o  accept  p = 0.9)  ; f - the  sectional  arc'd  of  exit  nozzle 
hole;  r.  - the  frequency  of  the  rotation/revolution  of  rotor 
(centrifuge)  in  r/min;  L is  a distance  from  the  axle/axis  of  OT 
nozzle  to  the  spin  axis  of  rotor. 


The  torsional  moment,  developed  wi*h  «•  he  hydroje*  drive,  which 
consists  of  two  sopel. 


Mp  = 2 RL  —m(u  — vcon)  L = QVL  - % L ) . 


i 


f 
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Since  virtually  it  is  not  possible  to  ootain  the  large  values  of 

reaction  force,  filters  with  hydro  jet  drive  they  cannot  ensure  'he 
high  angular  velocities  of  rotor  (frequency  of  the 

rota t ion/re voi ut ion  of  rotor  with  hydrojet  drive  is  limited  6000-7000 
r/min) , and  consequently,  they  cannot  ensure  the  high  fineness  of  the 
decontamination  of  liquid,  which  is  virtually  equal  to  20-10  In 

view  of  this  are  applied  the  centrifuges  with  mechanical  and  electric 

drive,  the  velocities  of  rotor  of  which  are  led  in  soa= 

const  ructions,  if  this  is  admissible  according  to  the  conditions  of 

the  acceleration  of  liquid  under  rotor,  to  20^000  r/min. 


L. 
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Pages  257-280. 


Chapter  VIII. 


Pneumatic  (gas)  drives. 


In  contemporary  machines,  and  in  particular  in  tht  systems  of 


the  automation  of  production  processes,  along  with  hydraulic 


J 


DOC 


772  30109 


'AGE 


mechanisms  are  applied  the  pi.eumos-  mechanism  (pneumatic  actuators), 
based  on  the  use  as  working  medium  of  the  compressed  or  rarefied  air 
(in  the  present  course  are  examined  only  the  first  types  of 
mecha  nisms)  . 


With  the  aid  of  pressure-operated  devices  (drives)  ar*~-  solved 
the  complex  problems  in  the  automation  of  the  administration  of 
machines  and  production  processes.  Their  application/use  has 
advantages  when  the  appiicat ion/use  of  hydraulic  drives  wi^h  oil 

working  medium  is  inadmissible  on  the  requirements  for  fire  safety, 
as  it  taKes  place  in  carbon  shaft/mines  and  in  a series  of  chemical 

production. 


The  major  advantages  of  pressure- ope  rated  devices  include  the 
reliability  and  life,  the  spetd  of  action  (function),  simplicity  and 
cost-effect iveness/eff icienoy,  caused  by  the  single-channel  power 
supply  of  actuating  pneumos-mechan ism  (mastered  air  is  lischarged 
directly  in  tne  atmosphere  without  drain  pipes)  and  by  the  cheapness 
of  quite  working  medium. 


Along  with  the  positive  qualities  of  pneumatic  system  *hey 
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possess  the  Rubber  of  the  def iciency/lacks,  which  escape/ensue  from 
the  nature  of  working  medium  - air.  Air  possesses  high 
compressibility,  in  view  or  which  it  during  compression  accumulates 
the  enorgy,  which  under  known  conuitions  can  be  converted  into  the 
kinetic  energy  of  the  driving  masses  and  cause  impact  loads. 


Because  of  this  *ne  pneumatic  power-distribution  systems  do  not 
provide  without  trie  special  supplementary  means  for  the  recessary 
evenness  and  accur acy/precisicn  ot  course.  Ihe  compressibility  of  air 
in  pneumatic  systems  excludes  the  possibility  of  direct  fixation  of 
cortrols  in  the  assigned  intermediate  positions.  In  egual  measure  in 
pneumatic  actuator  is  difficult  obtaining  with  the  varying  load  of 
uniform  and  stable  velocity. 


Besides  this  pneumatic  actuators  they  have,  as  a rule,  lower 
efficiency  ir  comparison  with  hydraulic  drive,  and  also  require  the 
application/use  of  lubricators. 


The  compiessed  air  for  the  power  supply  or  pneumatic  systems 

usually  is  developed  by  the  compressors,  attendant  of  entire 
enterprise  or  their  determined  group.  In  the  centralized  and  group 
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power-supply  systems  usually  is  applied  the  pressure  5-6  kif/cai?,  in 
individual  powei  supply  - to  50  kgf/cm?  and  anove. 


working  mediu m/pr opollant  in  pneumatic  actuators  is  compressed 
air;  therefore  the  calculation  of  processes  in  this  drive  is  based  on 

the  laws  and  equations  gas-  and  thermodynamics. 


Page  258. 


Since  the  questions  gas-  and  the  thermodynamics,  placed  as  the  basis 
of  gas-dynamic  calculations  of  pneumatic  systems  and  their 
cell/elements,  are  examined  in  the  previous  training  courses  "gas 
hydrodynamics"  and  "thermodynamics",  in  the  present  course  are 
examined  the  circuits  of  action,  construction  of  pneumatic  actuators 
and  their  cell/elements,  and  also  the  methods  of  the  engineering 
calculations  of  these  ceii/eleme nt s.  The  questions  of  gas  dynamics 
are  given  in  the  form  of  reference  data  in  the  volume,  necessary  for 
mastering  the  material  of  the  present  course. 


PARAMETERS  OF  STATE  OF  THE  GAS. 
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The  processes  ot  compression  and  expansion  of  air  during  its 
flow  in  the  channels  of  pneumatic  systems  are  accompanied  by  changes 
in  the  parameters  of  its  states,  basic  from  which  are  the  pressure  p, 
the  temperature  T and  specific  volume  v.  Pressure  enters,  with  the 
exception  of  the  cases,  specified  especially,  all  the  given  thermo- 

and  gas-dynamic  dependences  in  absolute  unit. 


gas) 


Specific  volume  v (volume,  occupied  by  the  uni^  of  the  mass  of 
is  connected  with  volume  of  V gas  by  the  dependence 


where  m - the  mass  of  the  gas,  included  in  volume  of  V. 


Since  V = m/p,  we  can  write 


•s 
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where  p = m/V  - gas  density. 

Consequently,  the  specific  volume  and  the  density  are  mutually 
reciprocal  values.  ; 

Kelvin's  temperature  T k as  parameter  of  state  of  the  gas  is 
connected  with  the  temperature  of  Celsius  r °c  ty  the  dependence 


T = t+  273,15  ~ t -f  273. 


To  the  standard  conditions  of  state  of  the  gas  is  related 
temperature  of  t.  = 0°C  or,  which  is  the  same,  1 = 273  K. 
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Besides  the  indicated  parameters  yas  is  characterized  by 
compressibility,  temperature  volumetric  expansion  coefficient,  by 
d uct i 1 i t y/ to ugh ness/ vi scosi t y and  specific  heat. 

the  specific  (is  volumetric)  heat  of  yas.  By  the  specific 
(volumetric)  heat  of  yas  is  understood  the  ratio  of  the  jnoun*  of 
heat,  absorbed  by  the  unit  of  the  mass  (volume)  of  gas,  to  the 
appropriate  increase  in  the  temperature.  In  this  case  are 
distinguished  specific  heat  capacities  at  constant  pressure  cP  and 
at  a constant  volume  cv.  The  relationships  between  heat  capacities 
with  p - const  and  v = const  are  placed  as  the  basis  of  yas  dynamics. 
Specifically,  the  important  parameter  is  the  relation  of  these  heat 
ca  pac it ies 

± = k, 

cv 


called  adiabatic  index  in  the  adiabatic  process  of  \ change  it!  “he 

i 
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state  of  the  gas. 

The  specific  heat  of  imperfect  gases  depends  on  temperature,  in 
connection  with  which  they  use  the  average  for  the  assigned  time 
interval  of  temperatures  specific  heat. 

Viscosity  of  yas.  The  viscosity  of  gases  usually  is  estimated  at 
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Key:  (1).  Due  ti  li  t y/toug  hness/  viscosit  y . (2).  poise.  (3).  kqf/cm2. 

(4).  Tem pe ra t urc.  (9)  . kq  •cm2/ui2. 


Table  2.  Dynamic  viscosity  into  10  6 <1yn»s/cm2  *. 


FOOTNOTE  '.  1 lyn»s/cm2  = 0.1  Pa*S.  FNDFOOTNOTE. 


('-> 

p B ter  [CM* 

^ t B «C 

0 

25 

so 

| 

’ 1 

1 

' 

| 172,0 

183,7 

195,5 

218,0 

50 

181,5 

192,2 

203,2 

224,0 

100 

197,0 

200,0 

215,0 

233,5 

w 


Key:  (1).  p in  kg£/cm?.  (2).  t in  °C . The  dependence  of  the 

ductility/toughnass/viscosity  of  air  on  temperature  sufficiently 
accurately  is  characterized  by  empirical  formula  (a*  constant 
pressure) 
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/ T \0.75 

^ = ^<*(273)  • 

where  h - the  dynamic  viscosity  oi  air  at  the  given  temperature  in  K; 
p0  ~ t lie  same  with  temperature  of  0°C  or  273  K;  T is  absolute 
temperature  in  K. 

Temperature  dependence  of  kinematic  viscosity  v = — 


v=  v0 


The  viscosity  of  gases  depends  also  on  pressure,  being  raised 


with  an  increase  in  the  latter  (Table  2). 
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Figure  221a  gives  the  graph/u iagra m ot  the  depen  lanes  of  the 
dynamic  viscosity  of  air  on  temperature  and  pressure,  while  Fig-  22 1b 
- v iscos it y- t erc per a t ur e dependence  at  atmospheric  pressure. 

The  dynamic  viscosity  of  nitrogen  at  atmospheric  pressure  and 
temperature  t = 25°C  is  equal  to  178*10  6 lyn*s/c;n2  or  17.8  ^a^s. 

page  280. 

The  thermal  expansion  of  gas.  The  thermal  expansion  of  gas  is 
char  act  er  i zed  l>y  the  temperature  volumetric  expansion  coefficient  in 
°C  »,  that  show  a relative  change  in  the  volume  of  gas  during  a 
change  in  the  temperature  on  1°C: 
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where  AV  it  is  characterized  a change  cf  volume  of  V gas  in  in3;  AT  - 
a chanye  in  the  temperature  in  °C  or  K. 

From  thermodynamics  it  is  known  that  the  perfect  gas  is  expanded 
at.  constant  pressure  (isobaric  process  is  proportional  to  an  increase 
in  its  absolute  temperature  of  T (Gay-Lussac  law).  This  law  is 
described  by  the  equation 

tV  = Ml  + at), 

where  »T  and  v0  - the  specific  volume  of  gas  at  the  assigned  and 
initial  temperature;  a is  a temperature  volumetric  expansion 
coefficient  of  gas  (virtually  it  can  be  accepted  by  constant  for  all 
gases) ; t - the  temperature  of  gas  in  °C. 


If  the  volume  of  perfect  gas  is  supported  by  constant  (isochoric 


DOC  = 77230109 


PACK  -TtT  /r 


process),  then  the  pressure  Pr  in  it  qrow/rises  proportional  to  an 
increase  in  its  absolute  temperature: 


Pr  — Pa  (1  + at), 


where  p0  it  grow/rises  the  initial  pressure. 


For  temperature  of  t = 1/a,  value  pT  becomes  equal  to  zero. 

This  temperature,  equal  t = 273,15°C  or  T = °K  is  absolute  zero. 
During  the  calc ula t ion/enumerat ion  of  temperature  from  absolute  zero, 
it  is  called  absolute  temperature  and  is  designated  by  T. 


compressibility  of  gas.  The  compressibility  characterizes  chang 
AV  the  volume  of  gas  during  a change  in  the  pressure  on  Ap: 


o_  1 AV_ 
P ~ Ap  ■ iv 
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EQUATION  OF  STATE  OF  PERFECT  GAS. 


The  dependence  of  specific  volume  or  density  of  gas  on 
temperature  of  T and  pressure  p is  called  the  equation  of  s*ate  of 
qas. 

For  a perfect  gas  (specifically,  fcr  air  at  r^lativ^ly  low 
pressures) 


pv  = RT. 


(71) 


This  equation,  obtain  the  name  of  characteristic  aquation  or 
equation  of  state  of  qas,  relates  parameters  p,  v and  T. 


Taking  into  account  that  the  specific  volume 


l 

P ’ 


(72) 
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equation  of  state  or  characteristic  equation  wt  can  presen*  in  *he 
form 


(73) 


where  P - the  specific  qas  constant,  equal  tor  dry  air  267.1  m2/ 
(s2«°C)  in  the  units  of  mk  forces  system,  267.1  J/  (kq«K)  - in  the 
units  of  si  and  mks  system;  29.27  kq*m/  (ki-°C)  - in  unity  of  ‘wo  mk 
forces  systems  an  1 of  51. 


F&  <_je  26  1. 
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In  the  work  of  pneumatic  actuators  are  possible  the  vari  ' i 
conditions  of  heat  exchange  between  the  driving  under  channels  gas 
and  t lie  environment.  At  small  rate  of  flow  and  during  good  heat 
exchange  between  the  walls  of  channels  (conduit/manifolds)  and  by  the 
environment  the  processes,  which  take  place  within  the  limits  or  t he 
volume  elements  of  gas,  can  be  close  tc  isothermal  (sea  page  273). 

The  latter  is  confirmed  by  experiment  and  theoretical  s*u<3  i»s,  which 
show  that  in  the  form  of  the  flow  resistance  of  gas  (work  of 
frictional  forces  is  converted  into  heat)  in  long  cond u it / ma ni f old 
process  it  occur/flow/lasts  over  isotherm  (p2v2  = p,v,  = const). 

However,  in  the  general  case  a change  of  the  state  of  the  gas 
depending  on  the  duration  of  process  and  specific 

environmen talconii t ions  can  occur/ f low/ last  over  different  laws,  with 
an  arbitrary  change  in  parameters  p,  v and  T.  In  this  case  in  all 
cases  is  satisfied  the  equation  of  state  (71). 

Such  processes  are  the  polyttopic  processes,  c har acta  rice  i by 
the  equation 


P2v]  = pl0j  = const, 
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where  Pi  and  p2  - the  initial  and  stagnation  pressure;  v,  and  v2  are 
the  initial  and  final  specific  volumes;  n - polytropic  exponent. 

Polytropic  exponent  at  the  processes,  utilized  in  technology, 
lie/rests  usually  at  close  margins.  These  limits  ar<=  the  described 
below  special  cases. 

Isothermal  process.  This  process  is  described  by  the  equalities 

T — const;  n = 1. 

According  to  Boyle's  law  of  - tfariotte,  the  specific  volume  of 
gas  inversely  proportional  to  its  pressure  p 

p»  _ Pi_ 

Pi  Pi  ’ 

Piv\  = Piv  2 = const> 
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where  p,  and  p2  are  the  initial  and  final  absolute  pressures  of  gas; 
vi  and  v2  is  the  specific  volume  of  gas  respectively  at  pressures  p, 
and  p2;  p - the  tensity  of  gas  (value,  reciprocal  to  specific 
volume) . 


Tn  the  described  process,  which  obtained  name  isothermal,  gas  it 
is  compressed  or  it  is  expanded  with  the 

preservation/retention/maintaining  of  constant  temperature. 


It  is  obvious,  that  a similar  process  can  occur  or.ly  during  a 
very  slow  change  in  the  state  (compression  or  expansion)  of  gas.  This 
case  includes,  for  example,  the  process  of  the  discharge  of  the 

gas-hydraulic  storage  ba t tery/a ecu mula t cr  of  the  hydraulic  system  of 
the  press  witn  the  holding  of  workpiece  under  pressure  (se°  Fig.  9U) . 

Adiabatic  process.  Under  the  assumption  that  the  process  of  a 
change  in  the  state  or  the  gas  proceeds  without  heat  exchange  with 
the  environment,  let  us  have 


— = const , 

p 


pv*  — const  or 


where  p and  p - tn^  pressure  and  the  density  ot  qas;  k — is  an 
adiabatic  index  (for  the  dry  air  k = 1 _ 4 0 5 ; here  c„  and  cv  is 
speciric  he  i*  of  jas  at  constant  * •"■mper  it  ure  and  a constant  volume. 

The  process,  described  by  these  equations,  is  call-d  adiaLatic. 


In  the  practice  of  the  process,  close  to  adiabatic,  is  observed 
during  the  outflow  cf  qas  from  the  reservoir,  through  the  nozzle  or 
the  opening/aperture  in  the  fine/thin  wall,  when  as  a consequence  of 
the  temporary  stay  of  gas  within  the  limits  of  nozzle  it.  is  possible 
to  disregard  frictional  forces  and  heat  exchange  with  the  environment 

(with  the  walls  of  channel)  . 

Fage  262. 


In  the  examination  of  the  last/latter  process  it  is  necessary  to 


keep  in  mind  that  thermal  insulation  is  not,  strictly  speaking,  on 


the  strength  of  frictional  resistance  during  the  flow  of  ;jar>  whose 
work  is  converted  into  heat,  in  a sufficient  basis/Dase  in  order  that 
the  polytropic  exponent  it  would  be  possible  to  take  as  equal  to  t he 
index  of  isentrope  k (by  isentropic  flow  understand  *he 
heat- insulated  flow  of  the  perfect  gas,  in  which  there  are  no 
frictional  forces).  The  latter  can  be  correctly  only  for  a nerf-ct 
qas  (or  when  it  is  possible  to  disregard  frictional  forces). 

Specific  volume  v,  pressure  p and  the  absolute  temperature  T of 
perfect  gas  are  connected  in  adiabatic  process  by  the  relationships 

_i_ 

vt = vi  (pJPi)  t t's  — t'l  O i Oi)  ; 

k 

Pi = Pi  {vi/vi)  ; P2  — Pi  {T ±T 1)*  1 ; 

»-i 

Tt  = T1(v1/v,)k-1;  T^TOPztPi)  * • 
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Poly  tropic  process.  Since  under  actual  conditions  during  a 
change  in  the  state  of  the  gas  unavoidably  occurs  certain  neat 
exchange  between  gas  and  walls  of  container  ana  the  lijuid,  occurs 
the  so-called  polytropic  change  ir.  the  state  ot  the  gas,  which  is 
something  averaya  of  the  examined  maximum  changes  (isothermal  and 


adiabatic  processes) . 
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The  equation  for  this  state,  which  covers  its  all  *he  possibl 
in  practice  chamjes,  takes  the  form 


pv"  = const  n —■  = const , 


(74) 


where  k > n > 1 - polytropic  exponent  (with  n = 1 we  have  isothermal, 
also,  with  n = k - ailiabatic  processes)  . 


Accordingly,  we  have 


P \'nV\  = pVnV 2. 


The  relationships  of  the  parameters  in  polytropic  process  are 
expressed  by  equations  for  an  adiabatic  curve  with  the  re  p luce  m*  n*  of 
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coefficient  k by  coefficient  of  n. 

If  for  th?  gas  systems,  in  which  ere  utilize!  the  diatonic  gases 
at  low  pressures  (7-10  kgt/cm?),  polytrcpic  exponent  n of  the 
processes  of  the  emptying  (and  rilling)  of  tan k/bot t les 
(capacitance/capacities)  virtually  it  fluctuates  between  the  indices 
of  the  isothermal  and  adiabatic  processes  k > n > 1,  th^n  by 
high-pressure  systems  (50-200  kgf/cm2)  it  can  exceed  the  adiabatic 
index  of  perfect  gas  k = 1.4.  Thus,  for  instance,  for  imperfect 
gases,  including  for  air,  it  can  reach  at  temperatures  from  tlOO  to 
-60°C  and  pressure  50-  1 00  kqf/cm2  of  value  n = 2 and  more  [6].  This 
is  explained  by  a change  of  the  physical  properties  of  gases  in  the 
range  of  the  indicated  pressures  and  temperatures  as  compared  with 
the  properties  of  perfect  gases.  It  is  obvious  that  th3  incorrect 
selection  of  polytropic  exponent  leads  to  considerable  errors  during 
the  analysis  of  system,  during  the  determination  of  pressures  and 
tem ( e rat ures  and,  in  particular,  at  the  emptying  or  tank/bottles.  The 
latter  especially  is  noticeable  durinq  the  large  expansions  of  gas 
(see  page  26  5)  . 


Polytropic  exponent  ii  can  be  determined  only  for 
concrete/specitic/actual  gases  and  conditions  of  their  compression 
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expansion  and  di version/tap  of  hear  (heat  exchange). 


speeds  of  propagation  of  sound.  In  the  theory  of  the  flow  of 
gases  the  important  parameter  is  the  speed  c£  sound  a,  which  is  the 
velocity  of  propagation  in  the  gaseous  medium  of  slight  disturbances. 
At  the  velocity  of  propagation  in  gas  of  acoustic  wave  is  connected 
the  rate  of  flow  of  gas,  whereupon  the  rate  of  flow  of  g as,  ^^ual  to 
the  speed  of  sound,  is  the  boundary,  upon  transition  of  which  change 
the  law  governing  gas  flow  the  discharge  characteristics  of  the 
pneumatic  system. 


Page  2f>3. 


CoDimun  icat  ion/connection  of  the  speed  of  sound  a with  t 
properties  of  gases  is  expressed  by  the  known  artificial  satellite  of 
the  course  or  gas  dynamics  by  the  equation 
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where  p and  p - the  pressure  and  the  density  ot  gas. 

Under  the  assumption  that  the  changes  in  the  flow  parameter  of 
gas,  caused  by  slight  disturbances,  occur  sc  rapidly  tha’-  it  is 
possible  to  disregard  heat  exchange  between  the  particles  of  gas,  and 
disturbance/perturbations  themselves,  created  by  acoustic  wave,  arc 
so  small  that  it  is  possible  to  disregard  frictional  forces,  we  can 
write 


where  k 


adiabatic  index. 


The  engineering  calculations  of  +he  flow  of  gas  ir  the 


cell/elements  of  pneumatic  systems  are  reduced  to  the  cilcula*  ions, 
connected  with  the  outflow  cf  yas  from  reservoirs  (tanK/bo*4- les)  and 
with  ’■heir  filling,  and  also  with  flow  on  the  cenduit/mani  folds  of 
pneumatic  systems  and  through  the  local  friction. 

These  calculations  on  the  strength  of  the  compressibi 1 ity  of  air 
present  Known  difficulties,  caused  by  the  fact  that  its  flow  in  the 
cond ui t/ma r i f olds  of  pneumatic  systems  and  the  charnels  or  Theii 
assemblies  is  accompanied,  as  this  was  shown,  y a change  in  t he 
pressure  and  the  specific  volume.  In  view  of  this  during  calculations 
they  proceed  from  the  condition  that,  during  the  steady  process  of 
flow  air  mass  flow  m througn  any  cross  section  of  con  1 uit/ m? ni fold 
with  an  area  of  f,  remains  constant.,  in  accordance  with  how  the  mass 
flow  rate  is  determined  from  the  equation  of  the  continuity 
(continuity)  of  the  flow 

m — [up  — -ffL  = const , 


where  f is  a sectional  area  of  gas  flow  (pipeline)  ; u and  p is 
average  speed  and  air  density  in  this  section;  v is  *he  specific 
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volume  ot  air. 


Since  the  volumetric  flow  rat' 


Q = «/  = f 


by  way  of  air  flow  on  cond  uit/rna  ni  f old  is  not  retained,  but  it 
increases  as  a result  of  the  expansion,  caused  ty  decompression 
durinq  flow  according  to  expression  (71),  the  average  air  speed  alorj 
the  length  of  conduit/manifold  u = Q/f  also  will  grow/rise.  Pago  2b1*. 
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Fiy . 222.  The  desiyn  uiayrams  of  the  outflow  of  qas.  In  this  case  as 
a result  of  the  expansion  of  air  occurs-  also  a chanye  in  its 
temperature,  that,  also  must  be  tak.n  into  account  duriny 
calcu lat ions. 

As  the  basis  of  the  calculations  of  the  flow  of  yas  in  the 
ce 11/element s of  pneumatic  systems  is  placed  known  from  *h-  course 
"gas  hydrodynamics"  the  equation  of  motion  of  perfect  yas  in  the 
adiabatic  mode/cond it i ons 
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2 ^ 1 p,  ~ 2 1 *—  1 ' pa  ' S*-' 


where  pt  and  p2 ; p,  and  p2;  u,  and  u,  - respectively  density,  the 
pressure  and  the  gas  velocity  in  the  initial  and  final  sections  of 
gas  flow  in  question;  k is  an  adiabatic  index;  zi  and  i2  are  leveling 
height/altitudes  of  the  points  of  gas  flow  in  question. 


By  disregarding  a difference  in  the  leveling  height/altitudes  z, 
7.z,  we  will  obtain 


_L  k £i . _ ^ J_  * _Pi. 

2 ' k — 1 p,  ~ 2 ' k — 1 ■ p. 
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Outflow  of  gas  from  tin?  reservoir  of  the  unlimited 
capacitance/capacity.  The  calculations  of  the  outflow  of  gases  (air) 
from  the  reservoirs  of  the  unlimited  and  limited  capacitan ce/ca pacit y 

and  filling  of  the  latter  are  basic  in  the  calculations  of  pneumatic 
systems.  The  outflow  of  gas  in  the  general  case  occurs  with  th  1 
discharge  of  hydroaccumulators,  with  the  emptying  of  pneumatic 
cylinders  and  etc. 


Accepting  in  eguation 
velocity  in  feed  tank)  , we 
u2  = u from  reservoir  a of 
capacitance/capacity  (Fig. 
(or  nozzle)  in  wall  during 


(75)  Hi  - 0 (i.e.  disregarding  the  gas 
find  tie  calculated  exhaust  gas  velocity 
the  unlimited  (infirite  large) 

222a)  through  the  round  opening/aperture 
the  adiabatic  piocess: 


(7G) 


For  the  flow  of  perfect  gas  we  have 

i 
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After  substituting  those  values  into  equation  (7b)  and  by 
converting,  we  will  obtain 


where  k - adiabatic  index;  p2/Pi  - the  ratio  ot  the  pressure  of  ga 
here  pt  and  p2  are  a gas  pressure  in  reservoir  and  in  the  medium, 
into  which  occurs  the  discharge  (pressure  in  the  final  and  initial 
section  of  gas  flow). 
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.lass  flow  rate  m of  the  gas,  which  takes  place  at  a rate  of  u 
through  the  openiny/apert  ure  wi+h  an  area  of  f,  kg/s: 


m ■■ 


f 


2k 

Pi 

1 — 

* 1 ' 

( — ) *" 

k—  1 

Pi 

^ Pi  / 

(79) 


where  Q = uf  - the  volumetric  flow  rate  of  yas. 


Taking  into  account  expression  (77)  the  last/latter  equation  can 
be  rewritten  in  the  form 
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Atter  *1  >signating  the  exparsion  ratio  of  the  gas  by 


Pi 

Pi 


— x. 


(81) 


equation  (80)  we  can  present  in  the  form 


r 2 *+i 


l = fy'-rrr  /’•Pt  1 *k  — x". 


(82) 
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or,  attei  introducing  gas  constant  R, 


RTa  k - 


/ r -i  fr-t-i  • 

'“'V 


where  Ta  is  temperature  of  gas  at  the  inl^t  into  the  throttling 
openi ng/apert ur e into  k. 


The  given  calculations  are  produced  without  taking  into  account 
of  the  losses,  caused  by  friction,  heat  exchange  and  other  factors. 
The  account  of  these  losses  usually  they  produce,  accepting,  ’"hat  the 
process  proceeds  undor  the  polytropic  conditions.  In  this  case  th" 
gas  flow  is  calculated  from  expression  (31)  with  the  replacement  ol 
adiabatic  index  k by  polytrcpic  exponent  n whose  value  is  taken  as 
equal  by  n = 1.3-1.15. 
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Losses  to  friction  art-  considered  frequently  by  the  coefficient 
of  expenditure/consumption  y,  introducing  it  into  given  formula  (91) 
for  an  adiabatic  process. 


As  a result  obtain  formula  for  the  mass  flow  rate  raking  into 
account  friction 


j 

2k 

n n 

(p t\T_ 

(j±\  * 

k-i  p'p' 

A Pi  / 

' Pi ) 

(84) 


wher<?  p = -p==r-  < 1 - the  practical  coefficient  of 

expenditure/consumption  (experiments  show  that  the  valu-  y can  be 
calculated  with  sufficient  accui ac y/precisi on  in  formulas  for  *-he 
incompressible  fluid) ; £ is  a coefficient  cf  the  local  friction. 


Critical  expansion  of  qas.  The 
of  gas  corresponds  to  the  condition 


maximum  mass  calculated  flow 
cf  the  equality  of  z?ro 


rat 
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derivative  under  equation  (60). 

Page  266. 

Tho  maximum  calculated  flow  rat^  corresponds  to  tne  critical 
expansion  or  gas  (to  critical  ratio  of  pressure) 


in  which  discharge  velocity  according  to  equation  ( 7 d ) becomes  «qual 
to  the  speed  of  sound  in  gas  at  the  parameters  of  the  latter,  that 
correspond  to  the  parameters  at  output/yield  from  the  throttling 
nozzle  [cm.  equation  (77)  ]. 

The  parameters  of  the  critical  expansion,  during  which  occurs 
the  greatest  flow  rate,  v*o  will  obtain  by  the  investigation  of  the 


f unct ion 


(85) 


For  an  adiabatic  process  xKp  = 0,528.  This  condition  corresponds 
to  rat*  o f flow,  equal  to  the  local  speed  of  prcpaqatior  of  sound. 


Given  theoretically  calculations  of  discharge  throuyh  the 


opening/aperture  under  the  assumption  of  adiabatic  moi^/cond  it  iot.s 
can  be  with  sufficient  accuracy/precision  applied  also  tor  practical 
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calculations  ot  discharge  through  the  short  nozzle,  with  which  it  is 

possible  to  disregard  rrictional  forces,  and  also  as  a result  of  the 
short-term  determination  or  gas  in  nozzle  to  disregard  heat  exchange 

with  the  environment. 


The  analysis  of  the  function 


i /~  k I 2.  tli\ 

*>(*.  k)=V  7=z?(xk-x  * j 


shows  T see  also  ejuality  (Rh)  ],  that  there  are  two  zones  (range)  of 
t he  f low  : 


the  zone,  which  corresponds  to  the  examined  ahov®  condition  "V" 
which  is  called  ot  the  zone  of  subcritical  (suher it ica 1 ) flow  (uas 
velocity  in  this  zone  lower  than  the  speed  cf  scund) ; 


the  zone,  which  corresponds  to  condition  0 <■  x < x*..,  which  is 
called  of  the  zone  of  supercritical  flow  (gas  velocity  in  this  zone 


A 


is  constant  ami  close  or  equal  to  *he  speed  of  sound). 

Accordingly,  are  distinguished  the  processes,  which  take  place 
in  subcritical  (lower  than  critical)  and  supercritical 
m ode/conditions. 

In  supercritical  zone  occurs  the  maximum  and  constant  mass  tlow 
rate,  which  corresponds  to  the  critical  expansion  of  gas.  Formula  for 

determining  the  tlow  rate  in  this  zone  we  will  obtain,  after 
substituting  into  equation  («0)  the  value  or  the  critical  expansion 

cf  the  gas 


HOC 


111  3 0109 


P A 0 kl 


/oil 


k - * *-rl 

9 \*—  1 k / 2 \t— 1 k 


,-iV^Y^vXfkT  r‘-(-£r) 


whore  pi  - gas  density  before  the  exit  nozzle  (th rottl  Vohoke)  , 
expressed  as  the  initial  at  the  torque/moment  of  the  beginning  of 
discharge  parameters. 


Usin.j  thp  yivoii  - ^ ua ti  out , 


It  t us  show  that  tho  jis  flow  dmir.ti 


r 
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its  discharge  at  the  speed  of  propagation  of  sound  in  gas  (it 
corresponds  uKp)  it  is  maximum. 


It  is  obvious,  to  the  maximum  flow  rate,  exnressej  - v equu*ioi: 
(iih)  , corresponds  the  maximum  (critical)  'xnaust  gas  v.ioci-y 

according  to  equation  (7d)  : 
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= p- (ttt)  * ‘ *nl  Pl_Plm“(^r)  -P2™x(ttt) 


and  then  critical  discharge  velocity 


«,P  = ]A 


From  th^  comparison  of  equations  (98)  and  (74  a ) it  follows  that 
the  maximum  (critical)  qas  velocity  (and,  consequently,  its  maximum 
mass  flow  rate)  occurs  at.  t lie  speed  of  sound  in  th*>  qas 
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Kniutying  of  ^ ne  r^se  rvoitt>  of  the  limited  capaci*- a nr? /cap  aci  t y . 
In  engineering  practice  in  essence-  it  is  necessary  tj  oerform  the 
calculations,  connected  with  emptying  and  tannage  (t an It/hot 1 1 ? s)  of 
the  limited  capacit ance/capaci* y . 

Page  2 h 8 • 

Th-fS.-  cases  include  -he  emptying  of  gas  cylin  K rs  in  * j r >c>s.  o: 
the  power  supply  "»f  pneumatic  systems,  th->  filling  oi  tha  emptying  of 
pneumatic  cylinders 


and  etc. 


r 
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The  > u t. : low  ot  rus  from  the  Leservoir  o t f he  1 i m i *"  1 

ca  t anco/capaci  t y is  characterized  by  the  fact  that  at  the  limited 
tanka  it-  a ht  par  am  at  era  of  + he  escaping  gas  will  be  time  varying. 

Let  us  examine  the  process  of  the  emptying  of  cylir.ijr  b with  i 
volume  of  V0  through  the  opening/a  pert uro  with  an  area  of  f (Fig. 
2221)  . T:  ‘ differential  equation  of  the  outflow  of  gas  trom  this 
cylir  Ur  they  conpos2  on  the  nasis  of  the  condition  tha'  mass  m of 
the  gas,  which  takes  place  through  the  assigned  cross  section  of 
openiny/aperture  tor  certain  cut  of  *-ime,  is  equal  to  a chang  ot 
mass  dm  — V a dp,  (where  V0  - the  volume  of  cylinder.  Pi  - th. 
instantaneous  value  of  jas  density)  gas  in  cylinder  for  fhf  sum* 

‘iito. 

Lot  in  certain  interval  ol  time  from  the  torque/moment  of 
discovery/opening  the  opening/aperture  (nozzle)  of  *:he  empty! 

cylinder  the  absolute  storage  pressure  was  equal  *o  Pi  and  gas 
density  in  it  p,.  The  elementary  mass  dm  gas,  the  past  through  this 
opei.ing/apert ure  wi-h  an  area  of  f for  the  interval  of  ‘in.  it,  is 
p )u<il  according  to  equation  (80) 


dm  — mdt  ~ i} if  1 pipl  dt, 


(89) 
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Mil  ere  Pi  and  p,  - the  instantaneous  values  or  pr-ssuro  rnd  ler.sity 


of  qas  in  cylinder, 


Expressing  the  current  parameters  of  gas  p,  and  p,  through 


beginning  of  discharge,  and  assuming  that  i change  in  these 
parameters  within  cylinder  at  its  emptyinj  (outrlow  of  gis)  i 
su  bor  dinar  ed  to  certain  polytcopic  dependence  with  poLytropic 
exponent  n,  we  will  obtain 


El  = jEl.  n _n  (1l\  « 
p?  PS  ' pl  p0 ' Po  ) ■ 


Aft">r  substituting  equation  (90)  into  equation  (HO),  w-  will 


obtai n 


I 


i 

Let  us  compose  now  expression  for  a change  of  the  nss  >t  ias  in 
cylinder  for  'he  sane  interval  ot  'ime  It.  Inis  mass  at  th*'  :nous:n+  or 
time  t is  equal  to  m — V &it  and  consequently, 

dm  = V0  dp,, 

where  v0  is  e jual  *-he  volume  of  cylinder. 


Takinj  into  recount  equation  ('10)  we  will  obtain 
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After  r |uirinj  at  ions  (91)  and  (92),  we  will  oh* a in  (“akin  i 
into  account  siqn)  the  differential  equation  or  the  ?mptyini  >f  the 
cylinder  of  the  limited  capacitance/capacity  V0 


'd\ 

l--) 

\ Po  ) 

^ Po  ) 

n-rl 


dt. 


After  reducinq  on  (y-)  " , «e  will  obtain 
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For  the  integration  of  this  equation  (with  f - consti  1 T u; 


(*)  (*) 


Page  269. 

Turin  j the  integration  ot  equation  (9))  vie  observe  the  s\m--  two 
cases  (two  zones)  of  tiia  discharge; 

a)  the  d is  char  je  in  the  supercritical  zone,  when  xrp>-~>0  (in 

this  case  tj?  = const  = and  the  integration  of  differential  equation 

(91)  it  tiresonts  no  difficulties)  ; 

b)  the  discharge  in  *hc-  surer  it  ical  zone,  when  1 > i n 

this  casa  t = var  (in  view  of  the  complexity  ot  integrand  the 


J 


DOC 


7 7 Z 4 0 104 


i n t e j r a r i o r.  of 

Disch  ar>je 
values  *|>  = <fm„ 


where  pt  and 
pnvi  roi.m<-n  ts  ; 


pa  jk  ./ 

/Dl* 

equation  (*)3)  conduct  by  grapho-analytic  i3thol)  . 

in  supercritical  zone.  Durinj  calculation  in  this  ras 
[see  formula  (PO)  ] we  substitute  Pt  - Pkp- 


k 


.kb  t he  current  storage  pr^ssur^  anl  in  1 1. 
pKr  - critical  pressure  in  jet. 


D"C 
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dt. 


Integrating  within  limits  from  p0  t.o  pt  and  from  t - 0 to  « 


have 


4-  Tar' 4 


By  converting,  we  will  ottain  equation  ror  the  cilcilation  or 
time  t of  *he  partial  emptying  of  cylinder  tor  the  assigned  condition 
of  decompression  under  cylinder  from  the  initial  p0  to  tha*  wh,i(.h  was 
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assigned  pi  for  the  mode/cond itions,  which  corresponds  to  t>t-* 
supercritical  range,  when  p„  •>  p,  ►>  pJxKP: 


- . Vo  ] / r-  / Po  \ _ 

n—  I *Fmax/  ' Po  \ Pi  ) 


(94) 


Complete  t is?  of  the  discharge  in  supercritical  nnp,  which 


corresponds  to  decompression  from  p0  to 
of  substitution  into  equation  (94) 


is  calculated  by  tears 


Pa 

*kp' 


as  a resul*  of  which  after  conversions  we  will  obtain 
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V'o  VPo 

1 n n — 1 

7 Po  \ / 2 y~  — 

n — 1 

♦"“*  / ) Po 

\ Ps  ) V * -T-  ] ) 

Page  270. 

Ir.  a similar  manner  we  can  obtain  the  differential  equation  of 
the  discharge  in  subcritical  range  tor  decompression  to  Pi 


t _ 1 Pq  1/  Po  ( P»\  - 
n / ' Po  \ Pi  ) 


i_  P/ 


p. 
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In  view  ot  *•  he  complexity  of  function  this  equation  usually  is 
solve]  grapho-anal ytically  arid  here  it  is  not  examined. 


Tankage  of  the  limited  ca  pacitancc/ca parity.  The  cases  oi  the 
tankage  or  the  limited  capacit unce/capucity  include  ‘ he  filling  of 
the  pneumatic  cylinders  of  pneumatic  systems,  the  charge  of 
gas-hydraulic  storage  batter  y/accu  tnul  at  ors  and  etc.  With  t he  filling 
with  the  compressed  air  of  any  capacitance/capacity  air  c the 
initial  moment,  when  pressure  in  the  filled  ca pacitanc e /ca paci t v 
minimum,  flows,  being  expanded  at  -he  maximum  spe-*d,  which  wr  h 


pressure  balance  in  supply  main  and  th*-  filled  capacif  r r:e/cap  acit  y 
is  reduced,  reaching  during  the  complete  e j ua  li  za  ion  >f  these 
pressures  of  zero  value,  it  is  obvious,  in  this  cis-:-  will  be  variai  1j 
the  consequence  or  the  expansion  or  air  and  its  temperature,  the 
changes  in  i*  can  occur  over  a wide  range. 

Let  to  capacit ance/capacity  d with  the  unlimited  volume  tnd  the 
constant  pressure  p2  Le  connected  the  capacit ance/capacit y (cylinder) 
c w it  n a volume  )t  V0  and  pressure  p0  < Pa  (Pin.  12  3)  . la  "1  is  cas' 
we  assume  that  the  volume  of  the  source  oi  flow  r a*  e d is  so  gcea* 
that  by  a change  in  the  pressure  and  by  a change  in  th=>  spr-^d  of  ‘he 
di spl  icement/mo vsment  of  particles  of  the  gas  in  i - with  filling  or 
capac it ance/capaci ty  c it  is  possible  to  lisregard. 

Let  uk  determine  time  of  a pressure  increase  in  the  connected 

cylinder  with  p0  to  Pi  = P*.  i.e.  , let  us  1 ->  ter  mine  time  of  pressure 
balance  between  the  source  of  tlow  rate  and  the  t i 1 le 1 cylinder. 
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dt , will  compose 


dm  = puf  dt  = fp 


\ — 
Pi_  i Pi_  * 

Pj  L Pi 


dt. 


(45) 


whero  'i  is  the  gas  velocity,  determined  according  to  epiation  (7p). 


Solving  dirfaren*  ial  equation  (41)  taking  ir.to  account  v--looi«-y 
u and  the  functions 


x 


^ ami  = 
P2  P2 


wo  will  obtain  equation  for  the  elementary  mast  dm  das,  <-'iroujh  cro 
section  f the  jet  taking  place  for  the  segment  element  of  ‘i»e  1^: 


dm=  fp2 $ (a-)  dt  = fp, 7^7 ^ W dt' 


(96) 
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wnere  T2  is  the  aDsolute  temperature  of  gas,  calculated  a cron  ir.g  ro 
characteristic  equation  (7  3). 


Lot  u-s  compose  now  equations  for  a change  of  the  mass  of  qas  in 
reservoir  for  the  same  time  interval  dt: 

dm  = Vtdplt  (97) 

where  m = is  a mass  of  gas  in  reservoir  with  a volume  of  va  a *• 

the  moment  of  time  t;  p*  = ~wn  ~ th'i  instantaneous  value  or  ns 
density;  here  S is  specific  gas  constant. 


Page  271. 


Investigations  show  that  the  process  or  tankaje  (cylinders) 
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Vdiirs  from  adiabatic  in  thf  beginning  filling  ho  isoth-rinal  a * * h -- 
en  0 rilling,  as  a result  the  temperature  in  reservoir  jialually  o 
approaches  from  Tt  T2.  By  set/assuming  7,  « 71,,  we  will  obtair 


In  this  case 


dpt  — 


— dp‘ 
KT, 


Taking  into  account  the  last/latter  equality  equation  (97)  will 


t a k e f h e form 
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Taking  into  account  that 

j£L.  = dx 

p»  ’ 

we  obtain 

JU  v.  ' dx 

f Y RT , ' n>  (X)  • 


lute*] rat ing  this  equation  within  ’'he  limits 


„ Po.  no  „ — _E<_ 

x0-—  ao  x4  - Ps 


we  will  obtain  takinj  into  account  the  character  of  the'  process 
(super-  or  subcritical)  taking  place  the  unknown  opening  tine: 

a)  in  supercritical  range  (xu  and  xt  < xKp  = 0,528,  and  alro 
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t 


V» 

ftVRT, 


(x,  — *„); 


b)  in  subcrit  ical  range  (x0  and  xt  > xKp  > 0,528) 


~W~  v» 

k—i'f  y RTt 


Actually  discharge  will  occur  not  on  adiabatic,  hut  if 
polytropic  cycle,  in  view  of  which  for  the  calculations  n?c-*ss 
knew  polytropic  exponent.  Experiment.  shows  mat  if  fne  emptyir. 
(either  filling)  of  ca pacitance/ca paci t y occurs  through  the 
openi ng/apert ur e (throttle/choke)  or  the  short  branch  pin3,  wi 
which  noticeable  heat  exchange  with  environment  door,  not  occur 
polytropic  exponent  will  be  close  to  adiabatic  index  ties  k anl 


= 0,528. 

Pi 


ary  * o 
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F i -j  - 224.  The  design  diagrams  of  the  flow  of  gas  in  condui  t/mam  fol 
<* 

With  a decrease  in  the  polytropic  exponent  n value  p2/pj  will 
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increase,  reach  ing  with  n = 1 


H =0,607. 
Pi 


Flow  of  gas  in  conduit/ma  nifoli.  Important  for  i ptacti.ce  is 
also  the  calculation  of  air  flow  (gases)  in  conduit/mmifold . 

For  a derivation  of  the  differential  equation  of  t:it-  st  ea  iv  flow 
of  gas  in  conduit/mani  fold  let  us  isolate  segment  eleasr.t  with  at  i*s 
length  ot  dx  (Fij.  224  i)  and,  after  using  to  the  volume  element  of 

jas  lv  = rdx,  snown  by  point  shading,  the  equation  of  Bomen*UTi 
(nonuniformity  of  the  listributior  of  velocities  over  the  section  of 
conduit/mani  fold  ^ disregard),  will  write 
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Tak 1 nq 


equation  (9 


1 

PAGE  JrfT 

/I*1 


— <rf*’> dx  = ~ .J!-  [(!» ui ix  = 


(100) 


into  account  the  continuity 


— o 

dx 


3)  assumes  f ho  form 


DOC  =77240109  PACE 

/iOY 


For  turbulent  flow  conditions,  durinq  which  the  avecaqe  speed  of 
flow  and  -he  pressure  in  its  each  or  sections  are  retained  vir-ualiy 
constants  (it  corresponds  to  ti.p  establish/installed  flow 
conditions),  it  is  possible  to  accept  3 = 1 and  respec-ively 


0. 


Paqe  273- 
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As  a result  we  will  obtain 


4t„  , du 

Tr-  + p“-ar- 


After  substituting  tangential  shear  stress  of  the  lay 
liquid 


to 


= X 


p uz 
8 ’ 


we  will  obtain  the  differential  gas-flow  equation  in  the 


s ot  th- 


cond  ui  t /manifold 
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PACK 


dp_ 

i'u'1 

2 


i 


xt-+24-*=o. 


(10!) 


whore  X is  a coefficient  of  friction  drag  [this  coefficient  ca 
calculated  from  expression  (17)  under  the  condition  of  the 
substitution  of  the  average  values  of  the  entering  it  paramet* 


After  integrating  the  given  differential  equa'ion  raking 
account  the  assigned  gas  process,  we  will  obtain  the  equation 
steady  flow  of  gas  in  condu  i*/n.ani  fold  fait  in  j into  account  fri 


The  calculations  and  experiment  show  tnat  as  a result  of 
exchange  the  flow  of  gas  can  be  close  to  adiabatic  only  with  * 
short  cuts  of  con iu it /manifolds  (in  the  local  friction)  an  1 wi 

largo  pressure  differentials  (expansions  of  gas),  with  long 
conduit/manifolds  this  process  under  norma i conditions  more  cl 
isothermal,  while  at  the  known  length  of  cond uit/manif old s it 


n L e 
rs]. 

into 
of  the 
c.*  i on. 

h.'a  t 
h-  very 

«■  V, 

ose  to 


isot  nerma 1 , i . o. , 


t h o t e m pe  ra  t u re 


of  qas  in  this  case 


r t ained 
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virtually  constant  ov^r  entire  lenjth  cr  cond  uit/mar.if  ol  d . 

Accordingly  with  long  conduit/manifolds,  and  in  particular  wirh  small 
pressure  differentials,  is  valid  the  isothermal  dependence 


where  p t and  p(.;  p and  p - respectively  absolute  pressura  and  gas 
density  in  the  initial  section  (a-a)  and  in  arbitrary  section  (n-b) 
(Fig.  224b)  . 

Furthermore,  from  the  flow-continuity  condition 
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Taking  into  account  also  that  p,  = p Pj/p,  »>'  !uv?  .1  = u , ii/p# 

or  differentially 


-*L  + ^L=0. 

u p 


Accordinjly,  the  first  ttru  of  equation  (101)  will  take  M 3 form 


Furthermore,  since 


in  the  process  in  question  virtually  it  does  no'  changa  ilong  * h-* 
length  of  con  1 uit/ man i f ol d (up  = const,  p = const,  the  re]  i+iv~ 
roughness  of  uuct  k/d  = const),  then  constant  along  the  length  or 
cond  u i t/mani  f ol  d it  will  be  also  the  coefficient,  of  friction 
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Sinc^  loij  t -?  L' m i r.  ♦'he  brackets  of  the  last/1  a*  * er  "*  jua4"  i"1'1  » 
low  in  comparison  with  X L/D,  this  term  usually  they  disreiarl.  As  a 


Pi  — Pi  = A,  piHiPi. 


From  this  ejuation  it  follows  that  during  the  flow  ot  parses  a 
pressure  drop  ulonj  the  length  of  cond uit/man if  old  is  Mpr  ’ss1  ! ' y 
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thp  power  dependency,  but.  not  linear,  as  ir  ikes  plan'  durinj  tlow 
cl  liquid,  that  it  is  evident  from  equation  (It). 


A r t Q r introducing  into  equation  (102)  number  kaxa. 


*,=  Vk— 

' Pi 


he  local  speed  of  sound  (so-  pa  1 2 ' 2)  , w> 


will  obtain 


2 2 
Pi  P2  = 


where  k - adiabatic  index. 


Equation  (103)  makes  it  possible  to  calculate  pressure  in 
cond uit/ina nif old  at  the  required  distance  L trom  the  initial 
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(ini*  i.il)  section,  for  which  as&igned/prescri bed  number  Mxa, 


by  solving  a j u at  ion  (101)  relatively  X L/D,  will  obtai 


(104) 


The  last./latter  equation  -show.-;  i chan  io  ol  t 1 i men  3 ion  1- 

length  l/D  condui  t/man  if  old  in  the  function  of  t.jj  ratio  at  th 
pressure  of  qas  P?/Pi- 
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*T-=r  [■-(*)’] 


Taking  into  icon  nt  numoor  ^axa  to  differential  equation  (10  1) 
wh  can  <jivt  another  torn,  afrti  su  bst  i*  ut  ing 


du  dp 

u ~~  p 
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In  this  case  we  will  obtain 


X p u»_ 

dp  _ P 2D,  = O ' 2 

dj£  — j' p_w2  *M2  — 1 


(105) 


The  co, Timor,  character  of  a change  i:i  pressure  p alor.^ 
of  condu  lt/mani  fold  is  shown  in  Fi  j.  22  1b.  T'.ie  flow  of  jas 


the  1 • ■ r.  kj  t h 
can  • xist 


or.ly  on  the  section  of  curve  a-b.  .Seqm-nt  of  the  curve  b-0 
correspon  1 s to  supersonic  flow.  Poin'*'  b is  called  limit  point. 


Numb*-  i 


Consequently,  ^h*1  air  speed  in  con  du  it/raan  if  old  :ni  grow/ rise 
only  until  number  Maxa  achieves  in  the  maximum  section,  which  must  fc 
found  at  the  end  of  the  conduit/manifold,  value 


M„,= 


7T  = 0-845' 


where  k 


adiabatic  index. 


For  the  determination  of  the  minimum  ultimate  pressure  in 

, wo  will  us-  * h > 


turboconductor,  which  corresponds  *o  tl is  condition 
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equal  it  y 


«lPi  = up  = unpPnp, 


takin q into  account  which  we  will  obtain 


whence 


Pi  «/ip  1 1 

P«p  = Pi^i1^- 


After  substituting  from  the  latter  equation  P*p  in*-o  equatior 


(104>,  we  will  obtain 
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we  can  obtain 


bL  ==  y° 


From  the  jivsn  analysis  it  follows  t’nit  the  n*  ^ of  flow  of  gas 
(and  the  number  :iaxi)  grow/rists  to  the  greatest  (maximum)  value 
at  certain  limit  point,  which  must  be  at  the  end 
of  the  conduit/manifold 


The  maximum  gas  flow  during  flow  in  the  mode/cond  i *- i o ns 


Pt Pi 

P*  P? 


occurs  with  1*1 


1.  With  1 > 1,  the  pressure  in  flow  ilong  the  length 


of  eonduit/mani tol d and  the  speed  of  flow  do  not  depend  on  pressure 
at.  the  end  of  the  cond uit/mani t old . In  this  case  the  frictional 
forces  brake  flow  (shock,  wave)  , in  view  of  which  flow  =>  ‘ taa 
supersonic  speed  possibly  only  within  the  limits  of  the  determined 
(critical)  length  of  conduit/manif old. 

Pa<]e  21b. 

It  the  length  or  :o  nduit/manif  old  exceeds  ‘his  value,  then  in  certain 
of  its  section  appears  shock  wave,  as  a result  of  which  the 
supersonic  speed  abruptly  pass  into  subsonic.  After  this  shock  wave 
the  character  of  the  flow  of  gas  will  change:  speed  along 
cond uit/man ifold  again  increases,  and  the  pressure  and  ‘he  density  of 

gas  decrease. 

The  asymptotic  relation  or  pressures  (expansion  of  gas)  p?/;-i 
and  maximum  length  I.nr  thty  depend  only  on  adiabatic  index  x (from 
the  initial  number  laxa)  , Respectively  minimum  ultimate  pressure  p,,r 
ir  if  i uit  /mani  f ol  d and  the  maximum  (greatest)  length  of 
i ;‘/mi  nifold  Lnp  can  be  expressed  thus: 


Pnp  = PlM  V'*  ; f-„r  = -?■  - ( 1 + In  -Ml  . 

L *Mi  l *Mi  j 

Virtually  in  the  condu it/mani folds  of  real  lengths  critical 

expansion  ratio  xK,  is  not  reached,  i.e. , the  flow  of  ga  s on 
condu  it./ma  ni  folds  by  length  greater  than  occurs  in  tie  zone  >; 

sub  critical  flow  conditions. 

Filling  of  pneumatic  cylinder  by  ♦ he  gas  ‘hrough  th>  lonj 
conduit/manifold.  Let  us  examine  the  diagram  of  the  supply  of  air  *o 
pneumo-capacitance/ca pacity , shown  in  Fig.  224c.  Air  from  air 
collector  (receiver)  1 is  headed  on  cor.du  it/manif  ol  d 2 for  un-umatic 
cy 1 inder  1 . 

During  *he  flow  of  gas  according  to  tnis  diagram  i f is  po  ;si Me 

J 
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to  isolate  three1  sect  ions:  1)  disc ha  rge  front  air  coll  ?stor  i n *-  o 

conduit/manifold;  2)  flow  or  conduit/manifold;  3)  discharge  from 
conduit/manifold  in*-o  cylinit-L.  'with  respect  to  this  must  he 
comprised  the  equations,  which  give  the  system,  which  is  sub  jec*  to 

solution.  Problem  is  obtained  complexly,  in  view  of  which  lot  us 
examine  approximate  solution  with  the  following  assumptions:  pressure 

upon  the  inlet  into  cond uit/ma ni f o Id  (section  a-a)  equal  to  pr  ssure 
p0  ir:  air  collector  and  flow  ir  conduit/tnanif old  isothermal. 


After  designating  by  m air  mass  flow,  wo  will  obtain; 


1)  the  gas  velocity  in  section  a-a  according  to  equation  (79) 


(106) 


where  f is  a sectional  area  of  con  1 uit/ma  n ifo  Id  ; p„ 
section  a~a  (equal  on  the  adopted  assumption  p0)  ; 


air  density  in 


I 


HOC  = 77240109  PAGE  / 
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2)  the  mast;  flow  rate,  comput'd  from  parameters  of  s-c*  io;;r 

b-b  and  c-c  according  to  equation  (79): 


mc~ 


EL 

p/, 


(107) 


where  pc  and  pc  are  the  assigned  parameters  of  section  c-c; 


i)  comm  unicat  ron/connection  bet  ween  pressures  Pa  and  Ph 
according  to  equation  (10  1) 

pi  -pl  = paulPa  ( \ -L  _ 2 In  . 
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After  substituting  into  t h e last/]  at  *ei  equation  ua  from 
equation  ( 1 u t> ) , we  will  obtain 
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The  approximate  computations  of  the  flow  ot  gas  in 
condu it/mani folds.  Above  i+  was  shown  that  with  suf  ricient  ly  lone 
condui  t/mar.ifolds  the  polytropic  exponent  on  the  strength  of  friction 
during  the  flow  of  gas  was  close  (even  in  the  case  ot  romplet^  heat 

insulation)  to  unity. 


Page  277. 


Assuming  that  the  temperature  will  be  retained  constant,  then 
constant  it  will  be  also  the  viscosity  cf  air  and,  consequently,  also 
Pe  whose  value  is  necessary  ton  the  calculation  of  the  coefficient  of 


friction  drag  X in  expression  (17)  . 


Taking  into  account  that  which  was  indicated  for  the  approximate 
computations  of  losses  of  head  along  the  length  of  con i u i t / nan i t o 1 d 
can  be  applied  the  known  formula  of  hydraulics  (14)  with  th3 
substitution  of  the  average  values  oc  the  entering  it  parameters. 

this  formula  the  gas  cond i t io na 11 y is  represented  in  the 


With  use  by 


■ 
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form  of  the  incompressible  tluid,  which  has  some  aver a j o parameters: 


Ap  = Pi  — Pi  = 


u* 

2 Pep* 


(108) 


where  p 1 anrl  p2  it  are  represented  pressure  in  the  en  1 sections  of 
the  section  in  question;  X is  the  average  tor  the  cut  of 
condu.it/manifold  in  question  coefficient  of  friction  drag;  u = _^L 

fPcD 

the  average  along  the  length  of  conduit/manifold  air  speed  in 
condu  it/manifold  by  sectional  area  f;  m = fuCB  pw,  - ait  mass  fl 

_•  Pi  -4- 

- the  average  air  density  (in  the  first  approximation,  P«/>  2 

here  Rcp  is  specific  gas  constant  at  mean  pressure  and  temperature; 
p,  and  p2  - density  in  the  beginning  and  ar  the  end  of  *■  ne  soc-ior  or 

conduit/manifold  (approximately  tii^y  accep*  p,  - p?  - p)  in  ju»s-io:.. 

The  calculations  show  that  the  air  flow  in  the  channels  of 

pneumatic  system  bears  usually  turbulent  character  (Re  > 2 300)  , i r. 

* 

accordance  wi-ti  now  coefficient  X they  calculate  accoLling  to  *-hr 
same  expression,  as  during  calculations  ot  the  channels  of  hydraulic 


systems. 


J 
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In  practice  in  2 300  < Re  < 10u  frequently  is  appliM  also  the 
empirical  formula,  which  considers  the  roughness  of  t.  tie  surfac  of 
thr  condu it/man if ol  1: 


»-w>(-5-+-£ -)• 


where  k/d  is  relative  roughness  of  the  internal  surface  of 
conduit/manifold;  here  * - absolute  roughness;  d - the  inn^r  diameter 
of  conduit/manifold. 

Value  Ro,  entering  this  formula,  is  calculated  in  ►hi.-  n 
according  to  equation  (11),  which  at  the  substitution  of  the  mass 
flow  rate 

m = ufp  — 


I 
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and  of  the  average  values  of  tht  entering  parameters  will  take  tne 
f or  m 


Re 


4 m _ 4m 

\Lcpivl  ~ \cppcpxd  ’ 


where  (V  - the  average  density  of  the  gas;  d is  a diameter  of  air 
duct;  Vcr  ~ rr  and  H«>  = vcPP<-p  are  ♦'he  average  values  kinematic  and 

t'cp  „ 

dynamic  viscosity. 


Figure  225  jives  the  designed  by  T he  last/lat^er  formula 


gr aph/diagrams  of  the  dependence  X on  Ke  for  the  condu it/man if  olds  of 
the  different  relative  roughness  k/d.  Page  278. 
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Fi'j.  225.  Dependence  of  the  (Iraq  coefficient  on  Re  during  air 
conduit/inanifolds  with  different  relative  roughness.  *■*-»■ 


flow  in 

4' 
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After  accepting  approximately 


Pl  ~ KTl  ’ 


P-2  = 


Pt_. 
R Tt  ’ 


r. 


equation  (108)  can  be  presented  in  the  form 


— = 

d /= 


where  F is  a gas  constant  at  the  average  values  of  pressure  Pep  and 
cf  temperature  Tcp  — - T'~  T- . 


For  the  approximate  computations  ot  ^he  flow  of  jas  according  to 


condu it /ma ni f olds  it  is  possible  with  sufficient  accuracy/precision 
to  use  also  the  following  simplified  equation  (under  condition  0.9  < 


m = pfV 2p,  (Pi  — Pi)- 


substituting 
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Flow  of  the  gas  through  the  local  friction.  The  local  friction 
in  the  system  of  pneumatic  actuator  as  in  the  system  of  aydraulic 
drive,  play  important  role,  sires  from  the  correctness  or  the 
estimation  of  the  parameters  of  airrlow,  wmch  takes  place  through 
the  local  triction,  depend  the  accuracy /precision  and  the  reliaiility 
of  the  calculations  or  pneumatic  systems. 

Unlike  the  flow  of  liquid,  during  which  the  energy  of  flow, 
expended  for  the  overcoming  of  friction,  is  converted  into  thermal 
energy  without  its  subsequent  reverse/inverse  conversion  in*o 
mechanical  energy,  mechanical  energy  during  tno  flow  of  air,  . ~ii  j 
transformed  into  thermal,  partially  or  completely  is  absorbed  by  flow 
itself  (occurs  the  redistribution  of  energy).  1 n view  of  this  t 1 
mechanical  energy  of  airflow,  spent  for  the  overcoming  of  friction, 
is  not  the  forever  lost  energy,  in  other  words,  total  ?.i?[  jy  of  flow 
is  retained  consrant/invariable,  it  we  disregard  heat  exchange 
between  the  flow  and  the  environment. 

The  calculation  of  the  local  friction  of  pneumatic  system 
conducts  In  the  general  case  according  to  equation  (d4|  . nowavnr,  i r. 
view  of  the  complexity  of  this  equation  frequently  thay  us>  during 
the  calculation  of  the  gas  flow  through  the  local  friction  *■  y 
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approximate  equality  (109). 


For  determining  losses  ol  hea  l in 
the  general  case  known  from  hydraulics 


'•he  local  friction 
expression  ( 19)  . 


*hey  use  in 


By  usinq  the  law  of  flow  continuity  and  by  set/assuminq  the 
process  of  throttl  ing/c  ho  icing  in  the  local  friction  polytropic,  we 
will  obtain  as  a result  of  conversions  formula  for  air  mass  flow 


m = Vnr’-ym  Powrf  Vv-*)*'n . 

where  p0  and  T0  - pressure  and  the  initial  temperature  of  las  at  * 1 e 
inlet  into  the  local  friction;  t is  a flow  passage  cross-sectional 
area  of  * h*>  local  friction;  x - the  relation  ot  air  pressure. 

Page  279. 
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Polytropic  exponent  can  Le  determined,  by  considering  expansion 
poly t ropic: 


i 

n = - in  r«  - ie  fT’ 

1 Igx 

where  TK  is  the  final  temperature  of  gas  during  expansion  ( i’’  is 
determined  from  T-S-diigram  for  this  gas). 


Thrott le/chok es.  The  mostd  widely  use  local  friction  is  t h* 
throttle/choke,  with  the  aid  of  which  charges  the  friction  -o  passau? 
of  working  medium  (air)  and  is  regulated  Mie  flow  ratj  of  *'  is 
medium,  with  the  i i 1 oe  throttle/choke  also  art  created  t h ■» 
cell/elements  of  pneumatic  automatics,  in  which  conducts  t h»  ad  1 i i • 
or  pressures,  and  also  scaling  the  onr  pressure  depending  on  iro*h>  r 
and  etc. 

Structurally  the  throttle/chokes  of  pneuma*ic  syst  r > ar 
similar  to  the  ttirott  le/chokes  of  hydraulic  systems.  Specifically, 
are  common  the  throttle/chokes 


in  the  fori  of  open  in g/a per t ure 


DOC  = 7 7 2 4 0 1 0 D 


PA"E 


washer  (so»  Fig.  107a).  Air  aiass  t low  through  a similar 
throttle/choke  is  with  M < 1 function  of  the  ratio  of  the  pressure  ot 
gas  i>z/Pi  in  tne  throttling  cell/eloment  (here  m number  Maxa): 


where  pi  an  1 p2  if  ar>  pressure  before  ♦■h-*  throttling  c*- 11  /ele men* 
and  after  it  (at  output/yield  from  th  rctt  le/ohoko)  . 

Accepting,  that  the  process  of  the  flow  of  the  qis  through  t h i s 
throttle/choke  by  section  r (sc*  Fig.  77a)  the  adiabatic,  actual  mass 
flow  rate  m of  gas  can  be  calculated : 

a)  during  subcritical  mode/conditions  1 '>  (“pt)  “ 

according  to  equation  (dl)  ; 

n)  during  supercritical  mode/conditions  (r2/p,  < 0.52d)  - 

according  to  ^qua-ion  ( tl 7 ) . 


DOC  = 77240109 


//y 


Accordingly  the  mass  flow  rate  of  the  gas  through  f h e 


thr ot  t le/choke 


m = ,*/  V2PlPi  Y ( 1 - -g-)  -jj-  = 4/  ) 2p  (p,  - pm) 


The  critical  ratio  of  the  pressure  of  gas,  with  which  occurs  i‘ 
maximum  tlow  rate. 


A 


r- 

f 
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?or  an  avlidjitic  process  the  value  of  this  expansion  is  ^qual, 
ns  this  was  shown  on  pa<jo  2b(>, 


(*)„  = o-™- 


Page  280. 
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Fig.  226.  The  series  connection  of  pneumos-thrott le/choka.  i?  Thr-' 
use  also  the  calculation  formula,  a brained  ny  the  transformation  or 
formula  (8  3)  taking  into  account  the  isoth^Linal  process: 


m — nfPi  y RT  • p)  (!  p]  ) 


The  described  by  the  last/latter  expression  function  or  th- 
expansion  of  jas  has  value  P2/Pi  = O.^,  which  is  sufficiently  close 


DOC 


77240109 


P,GB 


to  valu>‘  Vz/\'\  - 0.52H,  that  corresponds  to  formula  (9'S). 


Arp  applied  also  the  t hrot * le/chokes,  in  which  the  flow  rate  if 

regulated  by  a change  in  the  length  of  throttle  channel.  The  most d 
widely  usa  construction  of  this  throttle/choice  is  -he  helical 

throt  tle/chok e (see  Fig.  7£>a). 


Similar  throttle/chokes  possess  important  for  a practice 
positive  quality  - the  stability  of  regulation,  which  consists  in  the 
fa''t  that  during  the  repeated  installations  of  «-h  l or  1 1 o /ch  ok  e to  ore 
and  the  same  position  its  discharge  cha racteristic  is  r -tained 

virtually  const  an t /in v a t ia hie.  In  throttle/chokes  of  this  typo  can 
occur  with  small  pressure  differencials  laminar  flow  conditions  whos-* 

characteristic  is  determined  ly  the  equation  of  Poiseuille  rsp-> 
equat ion  (12)] 


m 


31  rf'p 
128  pL 


A p, 


where  p - the*  air  density,  which  usually  accepts  constant;  u - the* 


l 
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dynamic  viscosity  of  air. 


The  series  connection  ot  throttle/chokes.  Py  the  consecutive  ani 
parallel  connection  of  throttle/chokes  are  created  the  ce 1 1/el sment s 
of  pneumatic  automatics.  In  Fig.  226  are  represented  diagram  of  one 
of  guch  cell/elem»n ts,  that  obtained  the  name  of  the  pressure  tag, 
which  is  the  flowing  chamber,  formed  by  two  consecutive 
throttle/chokes  witn  an  area  of  f,  and  f2 . This  chamber  possesses  the 

property  of  the  proportional  reduction  of  pressures,  thanks  to  which 
it.  enters  as  the  basic  cell/element  in  the  schematics  of  many 
instruments  ot  pneumatic  automatics. 


Let  us  assume  that  in  input  throttle/choke  with  ar.  area  of  f, 
occurs  the  subcritical  process  of  flow.  In  this  cas^  the  flow  rate 
through  this  throttle/choke  will  bo  determined  according  to  equation 
[see  equation  (80)  ] 


.-r/Wr  [(*)”- (*)“; 
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where  Pq  ai'i  pQ  - the  assigned  pressure  air)  the  density  of  *hj  jas 
before  the  throttle/choke  with  ar<  area  of  f,;  p,  is  pressure  in  -he 
flowiny  chamber  a. 


Let  us  assume  further  that  in  output  cnoke  with  an  area  of  ‘ 2 
occurs  the  supercritical  process  of  discharje.  The  flow  Late  through 
throttle/choke  t2  in  this  case  will  be  leterrained  according  to 
equation  f se~  equation  (86)  ] 


m 


— — / 2 V^2^!  k i (t^t)  ’ 


where  p,  - gas  density  in  chamber  a. 


Equalizing  flow  rates  and  raising  both  parts  of  t.io  equali" 
into  square,  and  also  taking  into  account  that 


Pn Pn_ 

Pi  Pi 


nor 
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we  will  obtain 


: * + 1 
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P\iPo 

" — ft  - * 
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\ h ) 

Cor 


an  area 
an  area 
chamber 


sequently,  during  subcritical  process  in  throt  *- le/choke  wit!, 
of  fj  and  during  supercritical  process  in  thr  ot  t \ ? /cho  k e with 
of  f?  the  ratio  of  the  absolute  pressure  p,  in  the  flowing 
a to  the-  absolute  inlet  pressure  p0  will  ho  determined  by  the 
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relation  of  the  areas  of  these  throttle/chokes  f2/t,. 


During  supercritical  process  in  both  t nr ot t l-/chok e&  rr  occurs 


Pi  __  fi  ' 
Po  ft 


By  analogy  with  electrical  potentiometer  by  potentiometer  the 
pressure  bag  x s called  pneumatic  potentiometer. 


■ 

bas 


t hi 


The  circuit  ot  ‘•he  examined  choke  cel  1/e lemont.  is 
is  of  a series  of  ♦no  automatic  instruments  cf.  those 
properties  of  proportional  reduction  (see  Fig.  244a 


placed  as  the 


posses sii  g 
and  2 Vic)  . 


1 l ■ 
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to  the  equivalent  components  of  hydraulic  systems,  but  frequently  in 
both  systems  are  applied  the  same  types  of  these  cel 1 /a 1 aments. 

Specifically,  the  energy  conversion  of  ’'he  compressed  air  in’o 
mechanical  work  conducts  in  these  systems  by  the  volumetric  pneumatic 
engines  or  rotary  (compressed  air  motors)  and  rectilinear  (pow»r 
pneumatic  cylinders)  motion  (Figs.  227  and  1).  more  rarely  are 
applied  pneumatic  turners  (moment  pneumatic  cylinders). 

py  volumetric  pneumatic  engine  is  understood  the  pneumatic 
engine,  in  which  the  energy  conversion  occurs  in  the  orocess  of  the 

alternating  filling  or  working  chamber  with  working  gas  ard  his 
displacement  from  working  chamber. 

As  the  volumetric  pneumatic  engines  (compressed  air  motors)  of 
rotary  motion  ate  applied  lamellar  and  gear  machines. 

Equipment /device  and  the  calculations  of  compressors  and 
pneumatic  engines  were  examined  in  the  course  of 
"posi ti Ve- displacement  pumps  and  hydraulic  engines". 


J 
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figure  227a  g i v»s  the  design  concept  of  tr.e  standard  1 a m.  liar 
engine  (compressed  dir  irotor)  of  rotary  motion.  Th»-  cob  pres  1 ail 
will  he  ted  through  channel  a of  housing,  and  further  * i. rough 
opening/apertures  in  stator  2 it  enters  the  appropriat  working 
chamber  or  motor,  tormed  by  two  adjacent  plates  3 i r.  1 by  the  ,nn  fac-s 
of  stator  2 and  of  rotor  1,  ana,  acting  on  these  plat-s,  level  >ps  r • 
torsi  cr.al  moment,  jf-c  the  chamber  of  filling  win  be  cut  of*  durim 

the  r ot  at  ion/re  vol  u t io  n of  rotor  1 from  those  which  war’  conn  'end 
with  the  window  of  the  power  supply  of  channels  b in  stator,  rill  in) 
by  its  compressed  air  ceases.  During  the  further  rotation/r^ vo lution 
ct  rotor  the  volume  of  the  chamber  increases  (g,  < j?)  and  * he  being 

expanded  air  it  continues  t0  act  or:  its  restricting  places, 
developin]  the  torsional  moment.  During  the  con nect ion /com  pour i of 
the  chamber,  filled  by  the  partially  enlarged  air,  with  channels  c of 
stator  2 air  is  driven  out  in  the  atmosphere. 


The  velocity  of  compressed  air  motor  is  regulated  by  means  of 
the  rotation  of  its  stator  2,  with  which  changes  the  i nation  of  th 
co  nnecti  on/co  uipound  of  woiking  chambers  with  open  ing/ap  rturos  1 of 

power  supply  and,  consequently,  also  the  degree  ot  altussior  of  th> 
chambers  by  the  compressed  air.  Page  282. 
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A similar  pneumatic  engine 

(pneumatic  actuator),  in  which  the  control  conducts  hy  mean*  of  the 
cutoff  ot  the  flow  or  working  gas,  calls  pneumatic  engine  (pn«  uma^ic 
actuator)  with  control  cutoff,  whereupon  by  cutoff  is  ur.  lei  stood  th<~ 
cessation  of  the  feed  of  working  gas  into  the  working  chambers  of 
pneumatic  engine  at  the  torque/momen t,  when  still  occuls  an  incrnas^ 
in  their  vol ume. 


The  work  of  compressed  air  motor  can  occui/f  low/las'- , dlso, 
during  the  complete  expansion  of  air  up  to  a pressure  or,  close  to 
atmospheric;  however,  in  real  machines  is  applied  parti  il  expansion, 
since  complete  expansion  it  conducts  as  a result  or  a coi.siderat le 
temperature  decrease  to  an  increase  in  fhn  size/dimensions  of  mac)  inl- 
and to  the  icing  over  of  air  ducts. 

Figure  227fc  depicts  the  c onst ruct ion  or  gear  type  compressed  air 
motor,  which  is  the  pair  of  helical  jears  2 and  3 (ana  1 of  th--  slop? 
of  teeth  6-8°)  whose  cylinders  are  est  abl  ished/ins* .ailed  on 
antifriction  bearings.  For  operational  provisions  under  conditions  of 
poor  lubricant  arc  applied  lateral  disks  1 of  the  antifriction 
material.  The  lubricant  ot  gears  in  the  work  ot  compressed  iir  motor 
is  realized  by  the  autolubricator,  which  feeds  oil  into  the  t low  of 
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the  compressed  dir,  which  through  the  ^ap/cran*-  ot  control  aloi  g 
channels  in  the  housing  of  pneumatic  engine  is  suppliel  to  *’h'1 
block/mod ule/unit  of  rotors. 

Ir.  a series  or  the  constructions  of  use  of  centrifugal  typ- 
automatic  devices,  which  restrict  the  maximum  speed  ot  the  pneumati 

motor . 


Figure  22 8 shows  the  indicator  diagram  of  the  idealized  oroces 
in  which  the  filling  of  cylinder  occurs  at  the  constant  pressure  p, 

equal  main-line,  and  issue  it  occurs  at  the  atmospheric  pressure  p0 
On  the  section  of  1-2  ways  or  -he  disp  lact men t/ movement  of  piston  i 
filled  bv  the  compressed  air;  a*  point  2 power  supply  ceases,  and 
begins  the  process  of  the  expansion  of  air  (curve  2-3  corresponds  * 

expansion  on  adiabatic  curve,  ard  curve  2-3'  - to  expansion  on 
isotherm)  ; at  point  .1  (or  3')  the  cylinder  is  connected  wi*h  the 

atmosphere,  and  the  pressure  instantly  falls  to  the  atmospheric  [0 
(point  4),  a*  which  is  displaced  * he  air  from  cylinder;  at  noin-  o 
cylinder  is  detached  from  * he  atmosphere,  and  the  remaining  in  it  a 
is  compressed  up  to  a pressure  of  p*  ; at  point  f>  cylindr  aaain  ir 
connected  with  working  main  line,  and  pressure  in  it  instantly  is 
raised  up  to  a pressure  of  p in  the  latter;  further  process  is 
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repeated.  Page  2d  3. 


Fig.  228.  Indicator  diagram  of  compressed  air  i»ot  or.  / Cj  j peal 
process  differs  from  described  that  which  was  idealize!. 

Specifically,  pressure  curve  of  filling  is  not  strictly  parallel  * o 
the  axle/axis  of  abscissas,  but  is  sloped  toward  it  (Fig.  228  d<pic*s 
as  broken  line).  Furthermore,  on  piston  stroke  it  oscillates.  Besides 
this,  a pressure  increase  with  rilling  of  cylinder,  and  also  Increase 
with  issue  occur  not  instantly,  bu-  during  a certain  time,  which 
depends  on  different  factors,  including  on  the  volume  of  deal  space. 
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Fluct  nations  of  [iroasurP  in  cylinders  are  cause!  also  by 
imposition  of  t hi?  processes,  which  occur  in  adjacent  cylinder 
latter  caused  by  the  fact  that  the  air  distributors  usually  a 
fulfilled  so  that  with  working  main  line  simultaneously  they 
connected  several  cylinders,  in  one  of  which  the  process  of  f 
approaches  to  warn  the  end,  and  in  other  it  only  begins.  It  is 
obvious,  because  of  this  the  air  overflows  from  the  cylinder 

higher  pressure  in  cylinder  with  smaller  pressure,  whicr  car. 
a reason  fluctuation  of  mean  indicated  pressure. 


Accordingly,  the  idealized  indicator  diagram  liv  upr  r 
boundary  of  the  effectiveness  of  pneumatic  ictuator  (i  t maxi 

possible  work)  without  taking  into  anroun*  of  * he  - oh  * 

compressed  air.  The  relation  of  tie  diea  of  actual  indicator 
(simplified  form  of  this  diagram  is  no*  ed  ry  poin*  shadii.j)  * 
idealized  charact  erizes  the  jualitv  of  compresse!  air  mot  32  a 
called  the  solidity  ratio  of  indicator  diagram. 


The  average  value  of  the  calculated  *orsional  iwn^:r  of 
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compressed  dir  motor  can  be  calculated  according  to  equation  (3h): 


,v 

^ = 2 nn  ’ 


who  re  N is  calculated  rated  power;  n is  rotation  frequency  in  r/min. 


Axter  substituting  value  of  N = Apy  = Apqn,  wo  will  obtain 


M 


2.t  ’ 


where  An  - the  average  pressure  differential,  calculated  according  to 
indicator  diagram;  ^ is  the  working  volume  of  motor. 


The  pressure  differential  can  be  for  the  approximate 
computations  taken  as  equal  to  the  height/altitude  of  *he  rrc*angl< 
whose  area  is  equal  to  the  area  of  indicator  diagram. 
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Tie  velocity  of  the  rot  <it  ion/revol  ut  ion  of  the  rotor  of 
compressed  dir  mat  or  is  rcjulat-d  by  a change  in  the 
expen  ditur  e/consum  Pt  ion  of  the  compressed  air  with  the  aid  of  M;o 
throttle/choke,  included  usually  in  input  main  line,  and  the 
torsional  moment  - by  pressure  chanqe,  realized  by  a regulator 
(reducer)  of  pressure. 


Men, bt  ane/d i aphr agm  act  uaf  ing  pneumos-mechanism. 


In  pneumatic  systems,  and  in  particular  in  pneumatic  automatics 
with  the  small  courses  of  actuating  mechanisms  and  pressures  ( < 10 

kyt/cm?),  are  wilsly  common  the  pnouoioQs-apparatus,  based  or  -he  as<- 
of  elastic  cell/e  le  inerts  (diaphraqm/membr  ane,  bellows,  etc.).  Page 
284. 
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Fig.  229.  Schematics  of  membra n e/d iaphragm  nod- /units.  These 
apparatuses  are  applied  both  as  the  actuating  mechanises  and  as 
sensing  elements,  receiving  the  measured  value. 

Ii:  the  systems  at  industrial  pneumatic  automatics  arj  applied 
predominantly  the  instruments  with  the  elastic  nonmetallic  (rubh*-! 
and  plastic)  diaphragm/membranes,  which  differ  ir.  t,;rms  at  simplicity 
of  construction,  and  also  in  terms  of  possibility  of  trovxlinj  a 
complete  hermetic  seal. 

Operating  principle  and  basic  calculations  of  nes*’  levies  were 
examined  above;  however,  in  connection  with  work  conditions  under 
sensing  elements  of  pneumatic  automatics  to  membrar.e/di  aphragm 
devices  is  presented  a series  or  supplementary  requirements. 
Specifically,  the  characteristics  of  the  assemblies  of  tnaso 
pneum os-i n st r ument  largely  are  defined  by  the  properties  of  th.  ir 
elastic  cel 1/c  l erne nts  - elastic  diaphragm/membranes,  defined  bo*l. 
quality  of  material  and  by  their  properties  to  retain  etfec*iVe  area 
under  the  varied  conditions  of  work  (values  of  course,  drops  o' 
pressure,  etc. ) . 
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The  most  important  parameter  is  the  constancy  of  the  tf f^civu 
area  or  the  0 iaphragm/ membrane  whose  change  is  one  of  the  basic 
sources  of  errors  in  the  mombrane/diaphragm  mechanisms.  Ther*--  changes 
of  th»  effective  area  in  the  function  oi  a change  in  the  jump/drop  m 
pressure  and  di  splacemerit  of  the  rigid  center  of  diapht  agm/m^ra  Lrar • 
relative  to  the  plane  or  its  jamming  are  the  fundamental 
characteristic  of  membrane/ diaphragm  pieumos-  inst  rument . For 
providing  a high  sensitivity  the  d iaphr ay u> /membra ne  must  have  small 
flexural  rigidity  and  be  pliable  with  elongation  in  circular 
direction,  but  it  must  he  sufficiently  rigid  with  ralial  pull. 


Observance  of  the  assigned  law  of  a change  in  the  ‘ffoctiv*  at.  t 
of  metnDtane/diaphragm  assembly.  The  examined  above  property  o: 
diaphragm/ membranes  to  change  its  effective  area  in  moving  rr;i: 
cantor  (see  page  58),  which  for  the  majority  of  the  cases  or  ip;  1 y 1 r r 
diaphragm/membranes  is  negative  factor,  sine3  it  restricts  : n -r rum 
accuracy,  frequently  is  utilized  for  the  creation  of  a scries  or  *h- 
special  instrument:  or  pneumatic  automatics. 


Deed  finally , in  the  systems  of  pneumatic  automatics  it  is 
required  to  • nsur  . th-  smooth  infinitely  variable  cor ♦ rol  (char  je)  of 
the  effective  area  of  d iaphrag  m/membrane  according  to  ti  - assign.  d 
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Fig  ur e 229 a depicts  the  schematic  of  membrane/diaphr a 7m 
assembly,  the  effective  area  of  d ia  ph  ragm/mem  bran e of  which  it  is 
regulated  by  the  displacement  of  rigid  center.  Membran ^/di aphr agm 

fabric  2 is  jammed  on  the  perimeter  between  the  upper  1 and  the  low  r 
3 by  parts  of  housing.  The  center  section  of  the  fabric  is  stopped  up 
cn  mushroom-shape!  stock/rod  4,  which  performs  the  rol^  of  rigid 
center . 

rage  28  5. 

The  internal  lateral  surface  of  the  lower  part  of  housing  3 and 
the  external  lateral  surface  of  rigid  stock/rod  4 are  executed  along 
the  assigned  air  1 oi  1/prof ile  (usually  in  the  form  of  tn?  truncated 
right  cone  with  equal  angles  of  taper  at  apex/ver* ex,  by  components 
60°).  The  cf f ort/f ore*-  cf  the  pressure  appli^l  air  is  transferred  to 
cutput/yield  *hrough  “he  stock/rod  of  5 adjustable  lenj'h. 

Under  the  assumption  that  the  section  of  tree  sagging  on  arc  a: 
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(Fig.  229a)  is  outline!  by  circulai  ire  and  forming  corses  they  are 

tangents  to  *-his  are,  the  effective  area  is  determined  by  the 
instantaneous  values  of  diameters  D and  d or  the  boundary  lin-s  of 

contact  of  the  fabric  of  diaphragm/membrane  with  conical  surfaces. 

The  latter  is  caused  by  the  fact  ♦hat  the  sections  of  thn 
membrane/diaphragm  fabric,  which  lie  on  the  conical  suriac-s  of 
housing  and  rigid  confer,  in  the  work  of  the  membrane/d  iaph.  rag  m 
mechanism  not  of  pa  rtici  pan  ts , whereupon  with  the  equal  angles  of  " v -* 
conicity  of  the  arcs  of  the  curve  of  the  section  of  sagging  i~  is 
retained  constant  for  all  positions  of  rigid  center  along  the  axis. 
However,  since  the  sagging  of  memhrane/diaphragm  fabric,  which 
determines  effective  area  or  -lie  membrane  c nan  yes  in  moving  rigid 
center  ir.  axial  direction,  changes  with  the  position  of  this  center 
also  the  ?ffectiv=  area  of  diaphragm/membrane.  Thus,  for  instance, 
during  the  maximum  displacement  of  rioid  center  from  cert  air  currei- 
posit ion,  determined  by  the  diameters  of  the  contact  of  fabric  P and 
d,  upward  (in  Fig.  229a  this  position  ty  represented  )roker  line)  +he 
contact  of  ! iaphrag m/membrane  with  the  internal  surface  of  the  cone 
cf  housing  ) occurs  according  to  diameters  > £)  ar.l  wit)  ’■h-j 

external  surface  of  the  cone  of  ngil  stock/rod  4 according  to  the 


diameter  of  the  basis/base  cf  cone  ci  . d • Accordingly,  the 
effective  urea  ot  i iaphragm/membrane  reaches  in  this  posit  ion  of  th 


maximum  value,  determined  from  the  expression 
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Analogously  tor  the  end  lower  position  of  rigid  center 
instantaneous  values  d and  D take  values  r t L and  s),„  n ' - 

where  upon  c i it  equal  to  the  diameter  of  rigid  center,  a rl  ~ 

the  diameter  of  the  lower  opening/aperture  of  housing  3 (Fit-  229a). 


Accordingly  the  minimum  effective  area  of  the  liaphr a gm/me mb ra ne 


•Smin  — -TK-  (^min  + Omin^min  ~h  dm,n)- 
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Ranye  of  a chanjo  in  'he  effective  area 
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Consequently,  'ho  minimum  ana  maximum  effective 
d ia^h rag m/ membrane  and  'he  rarer  of  a chanyo  in  this 
determined  by  the  smallest  and  greatest  diameters  of 


area  of 
area  are 

the  basis/buses 


of  these  cones. 
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Analysis  of  aquations  and  test  results  show  that  the  effective 
area  changes  in  movin  i rigid  renter  from  S *0  over  nuraboi 

3 J J i'i  n /■». 

(drawing  of  the  fabric  of  d iaphr aq m/mem nr a ne  we  disregard)  . 
fiespectivel y the  membrane  tension,  characterized  by  function  S = t 
(x),  where  x - the  displacement  of  center,  is  locate)  for  the 
schematic  in  question  and  the  conditions  linearly  depending  on  the 
posit  ion  of  rigid  center  relative  to  its  end  lcw^r  posi'ion. 


For  the  expansion  of  the  range  of  a change  in  -he  cff^ctiv^  tr 
of  memhran e/dia phra gra  instrument  are  applied  the  schematics  with  + v> 
diaphragm/memnranes,  connected  with  conunor/general/total  rigid  cen*e 
in  the  form  ot  two  truncated  right  cones  equal  to  the  conicitv  vhos 
apex/ vert  exes  are  directed  to  each  other  (Fig.  222b). 


It  is  not  difficult  to  sec  that  the  effort/forces,  developed 
with  those  d iaphrag m/membranes  'luring  t he  supplying  of  air  into  the 
chamber,  are  directed  to  opposite  sides,  in  view  of  which  the 
effective  area  of  this  bellows  is  equal  to  a difference  in  th« 
effective  areas  if  its  d iaphra gm/membra nes , which  are  d >toriniii  -1  as 
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Fig.  230.  Scl  ur ic  o : vjlv-  pneumatic  distributor.  iccordingly 

with  the  <i  l i of  this  nellovs  can  l e obtained  both  the  ??ro  an  i 

r.  • ga*  ivt>  “ft  rot  iv  • area  of  diap hra jm/membr ane,  i.e.,  r he  e f f or  t/f  orev 
or  this  mechanism  it  cat.  change  its  siyn.  In  moving  the* 
common/y*  -no 1 a 1 / 1 o*  a 1 center  ot  1 d iaphraym/memtranes  the  down 
effective  ac  i o£  lower  diapht agm/membran e 3 decreasas,  and  upper  2 - 
increar*-.  Sine;1  the  effective  area  ot  an  entire  bellows  in  this 
schematic  is  tual  to  i difference  in  the  effective  areas  of 
d i aph raga/mem hr  an es  2 and  3,  ir  certain  position  of  rigid  center  1, 
ir.  which  the  arras  of  d iaph rag m/mem brands  are  equal,  t h resulting 
! effective  areu  is  equal  to  zero.  During  the  further  displacement  of 

rigid  center  into  the  same  direction  th°  effective  area  of  upper 
d i aph ragm/memt rane  2 will  become  more,  tht  lower  3 (effective  area 
will  become  "negative") , in  accordance  with  how  will  change  the  siqr 
ot  ef tor t/f orce  on  stock/rod. 

Ar  a lysis  shows  that  the  elective  area  of  this  bellows  in 
practice  depends  linearly  on  the  displacement  of  i*-s  rigid  center, 
and  consequently,  iv  possesses  permanent  hardness. 


Distributive  and  regulating  equipment  tor  pneumatic  systems. 
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In  pneumatic  syst  «ms  is  applied  the  i is*  r i but  i v-«  and  cun*  rol  1 i n j 
equipment  for  the  same  types  aid  d-sigr  concepts,  as  in  hydraulic 
systems,  and  only  sometimes  are  applied  the  supplementary  means  for 
an  increase  ii  ai  r t.  igh  t ness  and  provision  for  a lubricant,  rhu  , for 
instance,  everywhere  are  applied  the  distributive  and  o*her  control 
valves  with  the  supplementary  means  for  sea ling/pressuriza tion  in  th 
form  or  rubber  packing  rings,  and  also  valves  with  elastic  shutters. 


Distributing  values.  For  air  distribution  are  apnlitd  »h  or-o:; 
valves  and  valves  with  the  flat/plane  distributiv  coll/el  , --*’  * , 

which  provide  the  high  airt iqhtness  of  connocti cn/compoun i . 


Fijure  230  gives  the  schematic  iiaqrani  )f  valv-  iistributor  for 
a control  of  the  pneumatic  cylinder  of  one-sided  action.  Th“  supply 
of  the  comprossel  air  conducts  to  channel  b,  an u the  orfl->*  of 
mastered  air  - through  channel  a.  The  working  cavity  or  ic*  iat  i* 
cylinder  1 is  connected  with  channel  c.  During  the  rotation  of  1<  vi  r 
4 is  meltted  down  one  or  another  valve  2 or  5,  as  a result  th*>  ^ i r rr 
will  pe  fed  into  the  working  cavity  of  cylinder  1,  of  ii  is 
abstr act /removed  from  it  in  the  atmosphere.  The 
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seal iny/prossur izat ion  of  the  gates  of  valves  is  realized  iv 
flat/plane  or  rubber  teflon  rings  1,  sealed  into  the  metallic  part; 
of  the  gates. 


r! * valve  is  controlled  ty  hand  by  different  levers  ard  by 
pushers,  and  also  by  el ect r cmag net s and  the  compressed  air,  whereupon 
it.  the  absence  o:  the  control  pressure  th>-  gate  of  v a 1 v - usually 
overlaps  under  the  effect  of  spring  the  passage  of  air  from  that 
which  supply  to  outlet. 


Figure  231  depicts  valves  with  the  manual  effect  on  pusher  2, 
realized  through  the  lever  by  1 (Fig.  2 11a),  and  mechanical  effect  or. 
this  pusher  (Pig.  231c)  . 


The  compressed  air  (pressure  to  6 kgt/cm?)  will  Fed  +o 
channel  d (Fig.  231a)  . In  the  posit  ior  of  the  gat  e of  valve  4,  show:, 
in  Fig.  2 3 1a  (pusher  2 is  net  pressed)  , it  by  the  ef  f or  t /f  ore-*  of 
spring  5 and  of  *■  h pressure  ot  t n compressed  air  is  pressed  against 
the  saddle  of  Lushing  6 and  hermetically  sealed  overlaps  with  1 1 « ail 
cl  rubber  packing  3 passage  *o  air  from  inlet  l.  to  opening  /ap*'t  ture 

a,  which  is  communicated  through  the  axial  boring  of  rmsher  2 with 
the  atmosphere.  Page  287. 
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Fig.  211.  Tho  standard  designs  of  air  operated  valves, 


Key;  II)  . Cours<  . Kith  the  su!  merging  (displaceeent  to  -he  t i jht)  of 
pusher  2 it  tests  first  by  its  ond /face  into  rubber  parking  or  3 
gates,  disconnecting  opening/aperture  a from  the  atmosphere,  a:  1 
luring  further  displacement  it  breaks  away  rhe  gate  of  valve  u from 
sauil",  open/disclosing  in  this  case  passage  to  the  compressed  air 
from  inlet  b into  open i ng/a per t ure  a or  pneumatic  engirt'. 


Figure  2 11b,  shows  valve  with  pneumatic  effect  on  pusher  1 
through  the  piston  of  2 pneumatic  cylinders  1.  The  comp  -'S:  -1  air  is 
supplied  to  channel  a. 


When  it  is  required  to  ensure  the  rixing  of  j.a*-e  i:.  i * s noth  <- : .1 

positions,  are  applied  different  mechanical  :n«ans.  in  the  va  1 v >, 
presented  in  Fig.  2 111,  this  is  provided  by  the  fact  -hat  lever  1 

affects  pusher  4 through  that  which  is  being  moving  in  the  guiles  2 
wobblers  J,  with  the  aid  of  which  lever  1 is  recor  1/t  i x<-.i  in  both  *-  r.  3 
its  positions.  This  fixation  is  provided  by  the  fact  that  in  both  er.l 
positions  of  Lever  1 effort/force  of  the  reaction  of  sprin  g-opnos*  1 
wobbler  3 attempts  To  retain/hold  down  it  in  this  nosi-ion. 
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Air  operate  i valves  wit  h electromagnetic  control.  Ti  the  . vst.T 
or  pneumatic  automatics  widely  are  appl  iedd  istr  ibut  i v -*  magnet  vilv>:  . 

Figure  2 J2  gives  the  schen  at ic  diagram  or  pneumatic  ac*ua*oi 
with  distribution  hv  disk  valves  with  rubber,  gates.  Discov  -r  y/open  in  j 
(melting  down)  valves  1 and  3 is  realized  fcy  electromagnet  '4  - hrouqh 
lever  2 and  coverage  - by  springs  7.  Page  288. 
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am  of  pneumatic  actuator  with  valvo  list rif utor . 
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(two-stage  valves)  . 

Figure  23  3 a gives  the  schematic  ot  two-posit  ion  vilve 
distributor  ( pn*~unid  tic  stopcock)  with  electroraagn  et ic  seLVoirivo, 

The  locking  isscmbly  ot  this  distributor  consists  of  * wo  valves 
(gates),  one  o£  which  2,  spring- loaded  1,  is  strictly  -!,= 
distributor,  at  d the  second  1,  connected  witn  -he  aricaf  ure  if  h 
electromagnet  5,  by  pilot  valve  (pilot  valve)  by  governing  basic 

valve 


During  -h-  supplying  of  voltage/s- ress  on  magnet  winding  9,  its 
armature  6 will  move,  overcoming  the  et  for  t/Corc>'  of  spring  7 *o  th 
right,  as  a result  the  right  gate  ot  pilot  valve  3 will  sit  down  on 
saddle  4,  after  going  away  from  sa  Idle  8,  executed  in  basic  valve  2 
(Fig.  233a).  In  this  case  the  air  under  pressure  will  -->nter  chamber  c 

and,  acting  on  the  right  end/face  of  basic  valve  2,  it  will  inov  i* 
to  the  left,  after  connecting  * he  channel  or  pnw^r  supply  a with 
channel  or  user  b and  after  overlapping  simultaneously  passage  4 o 
channel  d,  which  drive's  in  the  atmosphere. 


’AGE  \\n\ 

After  de-energizing  magnet  windings  5 its  armature  b uni  t 
spring  effect  7 will  move  +o  tie  1 * ft , as  a result  ’•ho  conr  ■ ct^d  with 
it  gate  of  pilot  valv^>  3 will  gc  away  from  saddle  4 and  will  connect 
chamber  c with  ttir  atmosphere.  Ihis  will  allow  spring  1 to  return 
basic  valv1  2 to  the  initial  (right)  position  (Fig.  233b).  In  this 
case  valve  3 will  sit  down  on  saddle  R,  overlapping  air  inlr-t  from 
the  channel  oi  power  supply  a into  chamber  c. 
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Valves  with  flat/nlane  distributive  cell /element . Are  common 
pneumatic  distributors  with  flat/}  lane  distributive  cell /e  1« me  ♦ 
(valve),  which  ace  fulfilled  with  different  (manual,  pneumatic  aid 

electrical)  control. 

f\ 

Structurally  these  valves  are  similar  > * h->  analoious  valves  or 
hydraulic  systems. 

Control  by  these  distributors  is  realized  as  a rule,  with  tb<= 
aid  of  pressure-operated  devices  or  elect l omagrets. 
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elect  ropnoumat  ic  distributor  in  t b 


given  connec 
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Fig.  234.  Schematic  liagram  o t pneumatic  actuator  with  slide  valve 
an(]  e It ct ropneumat ic  control.  / r7"j- Com  mand  ce  11/e  lanen  t s i i.  this 
schematic  ar<-  limit  switches  7 and  8,  which  afiect  the  Intents, 
established/installed  on  the  stock/rod  ct  power  pneumatic  cylinder  (• . 
Actuatin')  cell/ el emen*  is  the  magnet  core  3,  the  carrier  governing 
air  operated  valves  2 and  4,  wrung  out  by  spring  S *r>  the  left 
position,  in  which  valve  2 overlaps  channel  d , connect?!  with  the 
inter  piston  chamber  b and  * he  lead-in  channel  a. 

During  the  retraction  of  core  into  coil  air  operated  valve  4 
detaches  chamber  c from  ♦he  at  Biosphere,  and  valve  2 connects  it  with 
the  channel  of  pneumatic  system,  as  a result  the  compressed  ai i , 
affecting  differential  plunger  1,  moves  s 1 iae  valve  9 to  the  left 
position,  in  accordance  with  how  the  piston  of  pneumatic  cylinder  6 
is  moved  to  the  left. 

At  the  end  of  the  course  of  the  stock/rod  of  pneumatic  cylinder 
6 by  in  is  given  into  action  disconnection  switch  8,  which 
de-energizes  electromagnet  3,  as  a result  valve  4 connects  chamfer  c 
with  the  atmosphere,  and  valve  2 overlaps  channel  d,  which  connects 


it  with  chamber  b between  the  differential  pistons  of  listributive 
plunger  1.  In  this  case  th°  plunger  together  with  valve  9 as  a resul* 
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of  action  on  its  pistons  of  the  unbalanced  as  a result  of  a 
difference  in  the  areas  pressure  in  the  chamber  is  moved  to  the  righ' 
(■♦•o  the  position,  shown  in  rig.  234)  , connecting  'he  loft  ca vi'y  of 
pneumatic:  cylinder  6 with  charnel  a of  power  supply.  As  a result  t* 
stock/rod  of  pneumatic  cylinder  6 will  re'urn  tc  the  ipi'-ial 
position,  affecting  at  the  end  of  its  course  disconnection  swi'ch  7. 
Further  cycle  will  be  repeated. 

Figure  2J5a  depicts  the  const  ruction  of  valve  wit  a the  hi  literal 
pneumatic  control  of  direc*  ac'ior. 

Slide  valve  5 is  moved  of  one  end  position  into  another  by 
pistons  1 and  4,  common/qenera 1/tota 1 stock/rod  or  7 of  which  is 
mechanically  connected  with  valve.  Agains'  the  mirror  of  t he  housing 
cf  6 distributor  valve  5 is  pressed  hy  the  effort/force  of  snri-  j 3 
and  by  ait  pressure  in  chamoer  q,  connected  with  channel  c of  power 
sup.pl  y. 

The  compressed  air  will  b<r  feu  to  channel  c and  is 
abstract/removed  in  the  atmosphere  through  channel  e.  rhe 
displacement  of  valv^  is  realized  by  pressure  of  the  compressed  air. 
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applied  alternately  into  tin3  cylinders  of  bilateral  pis'or.  from  any 
source  through  open ing/apur tures  a and  b. 

In  one  of  th~  end  positions  of  valve  5 compressed  air  i*  passes 
to  oper.iny/apor ture  £,  connected  with  cue  or  the  cavities  of 
pneumatic  cylinder,  and  opening/aperture  .1  at  this  t itne  is 
communicated  with  the  atmosphere.  In  the  other  end  position  of  valv 
cpr.ni  n j/apert  ure  f is  communicated  with  the  atmosphere,  and 
opening/aperturo  d of  the  second  cavity  of  pneumatic  j;tia‘or  it  ir 
communicated  with  the  main  line  or  the  compressed  air.  Const-  guer.tl  v, 
opening/apertures  f and  d,  connect-  d with  the  cavities  or  pow->r 
pr^uma-ic  cylinder,  are  communicated  alternately  in  moving  v.a  1 v-  5 
either  with  the  channel  of  power  supply  or  with  tfw  atmosphere.  I+  is 
n°ct‘SsaL  y to  consider  that  the  valve  i r.  this  schematic  of 
distribution  will  be  1 >adod  witi.  the  air  pressure,  which  acts  on 

entire  washed  by  it  surface. 

Figure  235b  shows  the  coi it  ruction  or  a two-position  tour  way  air 
distributor  of  this  type  with  bilateral  eloctropr,  eumat  ic  control.  Th  -» 
compressed  air  will  be  fed  to  the  internal  cavity  c of  the  air 

distributor  through  the  input  open ing/apet t ure  h and  further 
depending  on  fhp  nosit  ion  of  valve  5 proceeds  to  th-3  appropriit' 
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Figure  2J5b  right  electromagnet  1 shows  to  the  connects  1 
position,  and  left  is  shown  in  switched  off. 


The  i rma*  u re  of  the  tight  elect  romagnet,  being  drawn  in,  pt\.  > 
on  the  rod  of  2 control  valves,  ope n/d i sc losi nq  gates.  Th^  compress'  i 
air  from  cavity  c through  opening/apert ure  i of  a small  sectional 
area  (throttle/choke)  enters  cavity  d and  b under  the  end/ faces  of 
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piston  4.  Uith  the  coi  nected  right  electromagnet  rod  i ♦og^-ttf r with 

rubber  packing  is  move  i aside  to  the  left,  open/disclosing 
output/yielJ  to  the  compressed  air  rrom  cavity  t through 

open i ng/aperr uio  a in  the  atmosphere.  As  a result  thQ  air  pressure  in 
cavity  b falls,  whereas  in  cavity  d it  equally  to  appli~d,  in  view  or 
which  piston  4 with  valve  5 is  mov  ?d  to  the  right  position.  In  this 
position  of  valve  ♦ lie  compressed  air  from  cavity  c en*ors 

open  i nq/aport  are  e,  and  ope  ning/a  pert.ute  g is  communicate!  with  the 
atmosphere  through  opeuing/apei  r Ur  e t.  In  this  case  *-he  piston  by  4 
circular  projections  (snout)  alut  against  rubber  packin j fc  anl  it 
closes  output/yield  to  the  compressed  air  through  opening /a  per  * ure  i 
in  the  atmosphere  during  entire  time,  when  elec+r oroagna *■.  i*  is 
include d . 


With  *he  disconnect  Lor  of  the  rigb*  t lec  t lot,  r gnet  rha  rod  (qan.- 
of  valve)  J returns  to  the  initial  position. 

npon  the  switching  on  of  the  left  electromagnet  cavity  l is 
connected  vif  h the  atmosphere  and  sister.  4 together  wi*.i  vilv  r'  will 
move  to  the  left.  Ir  this  case  the  com  pressed  air  from  cavity  r 
enters  oper.in  j/aper  ture  j,  and  oprning/aper’-ure  e is  comma  r vci  * i 
with  the  atmosphere  through  op  < ni  ng/a  pe  r t ure  f. 
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Tap/cranes  of  seLies  connection.  For  t he  series  connection  of 
two  power  pneumatic  cylinders  during  the  motion  of  ’■heir  s -ock/rods 
in  one  direct  iot  ini  tor  a simultaneous  return  in  other  directiot, 

which  frequently  is  required  ir  the  pneumatic  actuators  ot  machine 
tools  and  other  machines,  are  applied  multi  position  rotary  val  ves 
(tap/cranes)  with  flat/plane  distributive  ce  1 l/el^ment . Distributor 
(Fig.  216)  represents  three-position  six-running  tap/crane  wi’h 
manual  control.  The  compressed  air  will  hr-  Lei  “o  the  tap/crane 
througl  channel  a t0  * he  internal  cavity  b of  tap/crane,  formed  by 
housing  4 and  by  cap/cover  3,  ar.d  it  is  abstract/remove  i ii  the 
atmosphere  through  channel  c.  Against,  the  mirror  of  cap/co  v>  r 3 is 
pressed  by  the  pressure  of  the-  compressed  air  and  by  sprin  g 6 slide 
valve  r,  whose  rotation  conducts  with  the  aid  of  cylinder  1 and  cratiK 
?,  which  has  three  fix/recorded  nositions,  in  which  the  channel.,  of 
distributor  d,  e,  f an  i g,  which  drive  to  t n«?  cavities  of  ’■h-* 
controlled  pneumatic  cylinders  (engines),  they  ar-  communicated 
alternately  with  the  cavity  of  pressure  or  with  rh*.  atmosphere,  in 
position  of  A inlet  duct  a is  connected  wi*h  channels  1 and  f and 
outlet  ijiic*  c with  channels  e and  g;  during  the  rotation  of  tap/cran 
counterclockwise  (to  position  of  B)  inlet  duct  a is  connected  wi*h 
channels  d and  g,  but  during  the  lotatjon  of  tap/cran*-1  clockwise 


r 
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(position  C)  ir  lot  duct  i s • con nected  with  channels  g ar.  1 ? . 


Regulating  or  the  velocity  ot  pneumatic  engine  and  schematic  ot 
control.  The  regulation  of  the-  velocity  of  pneumatic  engine  is 
realised  by  the  devices,  used  ir  hydraulic  engines. 


The  velocity  of  operating  unit  usually  is  regulate  by  the  choKe 
speed  governor,  id  justed  at  the  ou^put/yield  of  engine  (see  Fig. 
102b).  During  load  variations  in  this  case  and,  consequently,  also 
the  in  speed  or  the  displacement  or  output/yield  changes  the 
count erprossure  in  non  opera t i ve  (exhaust)  cavity,  which  smooth  s spe  i 
fluctuation  (raises  the  evenness  of  motion)  . 


For  maintaining  t ne  assigned  mode/co  r.d  it ions  are  applied  ho’h 
the  manual  and  automatic  devices  whose  control  is  realize!  in  the 
majority  of  cases  in  the  function  of  pressure  or  way;  more  rarely  is 
applied  control  in  the  function  of  time. 

During  the  azimuth  guidance  of  command/crew  th»  function  of 
pneumatic  cylinder  they  enter  from  the  control  valves,  which  .at' 
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changed  over  it.  the  appropriate  place  cr  the  course  moving 

cp  11  /ole  me  at  or  pneumatic  cylinder  or  by  another  movable  machine 

part.  Page  2^2. 
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Fig.  237.  Pneumatic  actuators  with  th«  control:  a)  troi  wav,  1 ) from 
time.  The  schematic  of  pneumatic  actuator  with  -hi  cor-rol  is 

given  in  Fig.  237a.  The  cell/e  lements  of  pneumatic  syst  ar  > nVowr 
in  the  initial  position,  i.  e.  , in  - he  position,  which  wrec-  ies  -he 
beginning  of  cycle.  System  has  starter  valve  5 ana  -wo  valves  1 ar.  2 
3,  controlled  by  detent  2 or.  the  s.tock/rod  of  pneumatic  cylinder  u, 
through  which  conducts  the  power  supply  of  the  s-^r v odr  iv e or 
flat/plane  distribution  valve  (? . The  displacement  of  tie  latter  is 
provided  by  pressure  relief  from  the  appropriate  (right  or  left) 
cavity  of  the  cylinders  of  ser  vodrivr.  For  this  the  compressed  air 
constantly  will  b-^  fed  through  the  choke  opening/apertures  a in  - ho 
small  pistons  of  the  plunger  of  valve  6 into  both  cavities  of  t h<- 
cylinders  (servodrive)  of  control  of  this  valve. 


System  is  put  into  action  by  hand  with  the  ail  of  starter  vilv 

5,  in  moving  which  * ne  down  left  cavity  of  valve  barrel  6 is 
connected  through  discovered  va  1 ve  c>  aid  through  -oat  which  was 
opened  by  detent  2 on  valve  spindle  3 with  th  e atmosphere,  as  i 
result  the  pressure  in  the  left  cavity  of  pneumatic  cylinder  4 is 
lowered  virtually  -o  -he  atmospheric.  Since  valve  i in  t hi case 
remains  enclosed,  pressure  in  the  right  cavity  of  valve  barrel  f.  will 
b-»  equal  to  pressure  in  gr  id/net  work , and  the  plunger  of  va  1 v ' und<t 
+ hi  action  o1'  pressure  differential  will  move  - o the  l“ft.  In  this 
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case  the  compressed  dir  will  be  be  red  into  the  left  cavity  of 
pneumatic  cylinder  tt»  and  mastered  - driven  out  in  *he  atmospb-  re. 
Under  the  action  or  the  forces  of  pressure  of  thj  com  pr  .>ss-d  air  th 
piston  or  power  pneumatic  cylirder  4 will  be  moved  to  tu?  ri ju  t . In 
this  case  with  tne  withdrawal  of  q-tent  2 from  valve  3 lat-er  under 
the  action  of  internal  spring  will  move  to  the  let*-,  af 
disconnecting  the  right  cavity  of  dr  iv  ing/homing  valve  barr-1  6 rro.i. 
feed  line  and  after  connectinq  this  cavity  with  th-'  atmosphere. 

At  the  end  or  the  forewarn  stroke  of  stock/rod  le’er.t  2 will 
give  into  action  valve  1,  open/disclosing  output/yield  to  the 
compressed  air  iron  fh9  right  cavity  ot  the  cylinder  of  the 

administration  of  valve  6,  as  a result  will  occur  its  chan  7>-ov  r to 
the  position  of  the  back  stroke  of  the  stock/rod  of  pneumatic 
cylinder  4.  At  the  termination  of  this  course  the  cycle  will  be 
repeated.  The  resistance  of  the  choke  opening/aport  ur->s  i the  : "'all 
pistons  or  valve  6 must  be  largest  possible  (significantly  firher  -he 
lire  resistance  and  valves  1 and  3). 

Control  in  function  of  -im^.  The  control  of  pneumatic  actuator 
in  the  function  of  time  is  characterized  by  the  f tc  -if  -he  sion-ils 
arc  supplied  through  the  assigned  in  accor  lance  wi-h  t.jchn  ilojical 
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process  time  intervals,  which  is  reached  with  t he  lid  of  master 
switchhes  and  the  devices  (relay),  which  count  of t ‘■he  Juration  of 
operations.  Page  293. 


pig.  239.  Pneumatic  actuators  with  braking  device:  a)  internal ; b) 
external.  / CX\  Figure  237b  shows  +ne  schematic  of  the  pneumatic 
actuator  of  the  machine  tool,  controlled  with  the  ail  of  the 
established/installed  on  shaft  master  switch  or  another  part  of  t hi 
machine  tool,  tumbler  3,  the  velocity  of  rota t ion /re volut i on  of  which 
determines  the  duration  of  cycle.  With  submerging  by  the 
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cam/cdtch/jaw  of  i va  1 ves  1 compressed  *i i iron  grid/aa-work  enter  - 
♦•he  right  cavity  of  distributor  2 with  differential  irivir.  i/homing 
piston  (dj  > d?),  moving  it  to  the  position,  which  corresponds  to  * 
working  stroke  ot  the  stock/rod  or  pneumatic  cylinder  4.  Durinj 
removal/f aking  control  signal  the  plur.ger  or  distributor  2 wi*h 
prcissuio  or  liquid  in  its  lolt  cavity  returns  to  the  initial  (righ*) 
position. 

braking  pneumatic  actuators.  In  many  instances  of  applvi;  j a 
pneumatic  actuator  it  turns  out  to  be  necessary  to  errry  out  : raking 
the  piston  of  pneumatic  cylinder  a*  rhe  on  i of  its  motion  for  ♦ \ ■ 
avoidance  or  the  shock,  which  is  undesirable  or  1 s*  us  r.  on  allow  by 
the  conditions  of  the  strength  of  mechanisms  or  character  of 
t echn  olog i ca 1 oper  at  ion. 

Braking  is  realized  internal  or  by  th->  external  choke  braking 
units,  adjusted  in  the  way  of  the  air  outlet  from  the  cavity  or 
emptying  (noroperat ive  cavity).  These  d- v ices  decrease  tn?  flow  a r-a 
of  exit  (branch/drain)  main  l:r<  at  certain  point  of  the  piston 
stroke  of  pneumatic  cylinder,  as  a result  in  this  cavity  i - is 
created  the  braking  counterpress 


ur  •> 


which  retards  of  oiston  stroke. 


nAGF 

Fig.  23d  a shos  t hf>  diagram  ot  a pneumatic  cvl  ir.l3r  w i * h a 
similar  device.  Th°  teed  of  the  cylinder  and  the  movement  ot  its 
pi st or  tak*  3 place  in  t he  r.orial  manner  up  until  t he  correspond  ir.g 
projection  a on  piston  1 will  not  overlap  one  ot  * he  chambers  ; . 

Alter  as  piston  of  1 cylinder  will  overlap  during  motion,  ter  example 
to  th  > left,  by  its  projection  a to  chamber  l',  diameter  d?  of  which 
is  equal  to  diameter  d x projection,  aii  will  be  be  able  to  driver  out 
from  exhaust  cavity  (in  this  case  - right)  only  through  adjustable 
throttle/choke  3 or  small  section,  as  a result  the  air  in  this  cavi’-y 
is  compressed,  braking  motion  with  the  intensity,  iet^rmined  by  the 
control  of  throttle /choke. 


To  the  initial  (left)  position  the  piston  returns  after  * he 
changeover  of  governing  pneumatic  distributor  under  thj  affect  of  the 
air,  which  "ax<.s  place  into  the  righ4-  cavity  into  the  circuit/!  ypass 
of  the  throttle/choke  through  clecx  valve  2.  At  the  eni  of  Mr-3  piston 
stroke  enters  into  action  the  braking  system  of  the  laft  cavity  oc 
cylinder.  The  Kinetic  energy  of  -h«r  driving  masses  of  driv  is 

converted  during  braking  into  the  compression  werx  of  air.  This  worx 
is  determined  by  the  amount  or  compressed  in  cavi-v  cylinder  of  air 
■and  by  the  degree  of  its  compression  (ty  relation  of  counter  pressure 
in  cylinder  at  the  °nd  ar  1 beginning  ot  braking),  and  also  by  * hr 


character  of  the  process 


ol  coopt  ;sioi  ( page  ->0)  . 
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A a«- f ic  iency /I  sck  in  internal  braking  .lev  ices  is  the  difficulty 
of  the  control  oi  the  torque/rooroent  of  their  switching  on  on  pis*  on 
stroke,  in  view  of  which  if  necessary  for  a similar  control  are 
applied  external  uraiting  units.  Fi jure  23M1  shows  -he  schewa-ic  of 
drive  with  external  araking  unit.  Page  294. 
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Fig.  ? Is.  Schematic  ot  braking  valve.  System  is  eguippol  by  foulway 
distributor  bv  2 ini  three-way  distributors  S,  controll'l  with  »ho 
aid  of  c tm/o ate h /jaw  6 or  the  piston  rod  ot  1 pneumatic  cylinder  arl 
by  the  oquippeu  spe->1  governor.  It  moving  piston  1 to  thr  ri  ih* 
compressed  air  is  a bstr act/r emoved  through  three-way  5 and  tourwuy  2 
distributors  in  the  a t mospb  ere . ii  the  determined  (assigned)  place  a 
course  the  piston  rod  with  the  aid  of  cam/catch/ jaw  6 changes  over 
(it  melts  down)  distributor  t>,  as  a result  the  air  will  emerge  only 
through  ad  just.il  le  thrott le/choVe  4,  ir  viiw  of  which  is  provid  d th- 
deceleration  of  piston  +0  the  required  value. 


It  the  beginning  ot  re  v^i  se/i : verse  piston  stroke  (to  the  left) 
the  feed  of  the  compressed  air  occurs  before  dist  ribu*-  or  1 ye* 
switched  (ate  located  in  the  embedded  position),  through  distributor 
2 and  re verse/i nv arse  Iripped  by  3,  alt-c,  atter  the  break-down  of 
cam/ca* c h/ jaw  a on  listributor  5,  indirectly  avoiding  *hrot4’1 
(velocity  regulator  u.  Distributor  5,  reverse  valve  1 and  throttle  4 

usually  *hey  are  completed  in  ore  a ggregat c/u n it , whicl  obtain-  : the 
name  of  braking  valve.  With  tl.<  aid  of  this  valve  can  rj  provt  1-  d tar 
both  tie  required  degree  of  throttling/choking  a*  ♦he  jni  on  * 1. 
piston  strok->  anl  the  change  oi  the  length  of  braking  iistanc*  u i 
speed  of  displacement  of  any  section  ot  way. 
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For  oraking  the  motion  ot  the  stock/rod  of  mo'JMM.t  cylinder  by 
nu  ms  of  the  throt  t li  n g/choking  ot  ait  flow,  Uiv^n  out  from  the 
empty1  cavity  of  cylinder,  arc  applied  also  th<-  special  hrakinq 
valves,  which  make  it  possible  to  inhibit  t he  given  operating  unit 
(according  to  the  assigned  law)  in  any  place  of  his  way. 

The  schematic  of  a similar  valve  is  shown  in  Fig.  219.  Va 1 vt 
consists  of  throttle  11  with  conical  cato,  controlled  by  detent 

(caui/catch/ jaw)  1 on  * he  mot  ioi  work  (stock/rod  of  1 pn-'Uma*ic 
cylinder  2)  of  machine,  and  freely  sponsor  check  valve  >, 
spring-loaded  10.  plunger  11  ir  ft‘-e  state  is  held  by  spring  7 in  * h > 

upper  position,  i:i  which  between  the  conical  ;atp  of  plunger  11  and 
the  case  of  valve  9 is  formed  tie  slot,  on  v.hich  the  air  from  the 

being  erupt  yd  (n  ouo  pera  t i ve)  cavity  of  pneumatic  cylinder  2 is 
discarded  through  open ing/apet t ure  ; c,  chamber  b and  distributing 
cock  6 ir  the  atmosphere.  Tn  this  case  the  stock/rod  of  1 pneumatic 
cylinder  2 is  moved  at  a velocity,  determined  by  tue  initial  position 
of  plunger  11. 


On  the  appropriate  (assigned)  section  of  way  detent  i , connected 
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with  the  stock/rod  ot  1 pneumatic  cylir.  ler,  presses  on  plunger  11 
and,  after  pressing  springs  7,  it  moves  it  down.  In  this  case  * he 
plunger  by  11  its  conical  parts  go-s  i i.  the  opening/apert  ur<>  ot  the 
shank  ot  valve  4,  as  a result  the  flow  passage  cross-sec*- ior.a  1 area 
ot  sin*  cl  with  the  displacement  ot  plunger  11  decreases,  which  causes 
an  increase  in  tno  count er pressure  in  the  emptyd  cavity  ot  pn  uratic 
cylinder  2 and  the  smooth  retardation  of  stock/rod  1.  After  plunger 
11  completely  will  overlap  passage  slot,  air  from  the  -mptied  cavity 
of  pneumatic  cylinder  2 is  displac'd  only  through  adjustable 
throt t 1 e/chok a 6,  by  adjustment  of  which  is  regulated  the  speed  of 
stock/rod  1. 


During  reversing  distributing  cock  5 compressed  air  from  main 
line  is  supplied  to  cavity  b.  Page  29c>. 
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Fig.  240.  schematic  of  hydraulic  damper,  nvtrcomin.]  'he  •ffori/forc 
of  weak  spring  10,  air  it  will  abcov-'r  vilve  4 wi*b  packing  lny*-r 
and  wilx  h pa  d into  cavity,  whence  ♦hrou-jh  op-aning/apert  urn  a it  vil 
entei  the  left  cavity  of  pneumatic  cylinder  2.  Th'ie  is  orovid-a 
duriti  ] reversing  t h c un  impeded  tilling  of  j neu*at  ic  cylind  i ry  t h* 
compressed  air  despite  the  net  that  chck<  plunger  11  '*il  l regains 
for  a certain  period  of  time  ii  the  embedded  posit i or. 
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The  ev^ur.esa  of  brakirg  and  its  duration  arc  dot  ■ -l  mi  n 1 : v 
length  an  1 tha  airfoil/prof ilp  cf  pressure/clampin  g cam/ca  tch/  jaw  <( 
which  affects  choke  plunger  11. 


Hydraulic  dampers.  As  a rrsul*  of  compressibility  of  air  " o 
ensure  with  pneumatic  damper  tht  strict  assigned  law  or  braking  and 
guarantee  the  cessation  ot  pis+cr.  accurately  ir,  end  posit  ior  is 
virtually  im oossib 1 o.  In  view  ot  this  in  the  case  of  the  increas-  1 
requirements  tor  bLakinq  is  apflied  hydraulic  damper. 


Figure  240  shows  schematic  of  one  of  such  dampers,  rh^  la  m pc  r 
consists  of  a conical  plunger  1 with  two  pistons,  thj  interpiston 
chamber  d of  which  is  filled  by  brake  juice.  Piston  by  air  pressure 
in  the  left  cavity  b,  connected  with  air  duct,  cons*  a n*  ly  is  :.<-ld  i: 
end  right  position.  Since  with  this  same  main  line  is  connected  small 
tank  l,  under  the  same  pressure  will  be  located  * a the  .-ntranc-  of 
damper  into  action  and  the  brake  juice  in  chamber  1. 


Aft^r  piston  4 ot  power  pneumatic  cylinder  in  movit;  *o  * :•  • left 
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will  arrive  to  contact  with  the-  right  Irake  piston  anl  will  s?  t Ji  i rr 
in  motion  in  the  same  direction,  liquid  from  chamber  i is  displaced 
through  the  choke  circular  flow  aioa,  formed  by  stock/rod  1 and  by 
opening/aper t urc  in  partition/baffle  c,  into  the  right  cavity  of 
crake  cylinder  3 (into  chamber  a).  Piston  rod  1 usually  is  fulfill-  a 
in  the  form  of  the  cone,  with  the  selection  of  conicity  of  which  it 
is  possible  to  ensure  the  required  effectiveness  and  1 iw  of 

braking.  The  calculations  show  that  with  conical  stock/rod  1 
virtually  is  provided  the  law  of  the  uniform  leceleration  of  piston 

4. 

The  reverse  piston  stroke  of  4 pneumatic  cylinders  is  realized 
through  the  liquid,  which  is  located  ii  small  tank  5,  ir/o  which  for 
this  will  ho  fed  through  the  air  sparger  under  pressure. 

The  schematic  in  juestion  prevents  also  the  rigid  shock  of 

piston  4 with  its  approach  with  forewari  stroke  to  the  right  i i con 
or  stock/rod  1.  From  schematic  it  follows  mat  during  piston  -trok-'  4 
to  the  left  it  displaces  through  opening/apertures  f ligui  i from  t! 
intermediate  chamber  e into  small  tank  5.  After  the  first  of  * he 
opening/apertures  f it  will  be  overlapped  by  driving  piston  4, 
damping  effect  will  he  raised,  while  after  overlap  and  the  second 
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openirur/apect  ure  piston  4 and  stock/rod  1 will  be  connected  by  +l.e 
liquid,  close!  in  chamber  e.  Therefore  device  is  provided  al.-3 
eventless  of  *■;!?  start  of  damping  device. 


Pneumatic  regulator.  In  machine-building  wide  application 
obtained  the  automatic  pneumatic  flow  regulators,  schematic  or  one  o 
which  was  given  in  Fig.  241. 


A change  in  the  controlled  parameter  (expenditure/consumption  o 
the  air,  which  takes  place  on  main  line  14)  is  transferred  in  -he 
form  of  signal  (pressure  change)  to  sensor  4,  which  mov-^s  *h.e 
shutter/valve  of  b regulator,  changing  distance  (clearance)  x mejdu 
srezoro  sopla  S and  with  shutter/valve.  Pagc  29b. 
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Fig.  241.  Schematic  of  pneumatic  regulator.  As  a result  c li  u i 
pressure  Pi  in  the  pre-nozzle  chamber  2 and  in  chamber  ' of  b>  1 lows 
8,  whereupon  during  a decrease  in  distance  x pressure  pt  is  raised 
and  vice  v<’rsa.  Accordingly  changes  also  pressure  r>?  at  ou»put/yiel 
from  regulator,  which  serves  as  the  pressure  of  the  medium,  wr»  ich 

feeds  actuating  mechanism  (in  this  case  th  ■>  memtrane/di tphragm  dri  v 
cf  15  ovcrlappinj  val  vo/gate  or  main  line  14)  . Pressure  n2  icts  a Is 

on  second  bellows  7 whose  art-a  is  less  than  t h f area  of  bellows  P. 

For  providing  a state  or  <- jui  libr  ium  of  process  with  the 
different  values  of  controlled  parameter  in  the  schematic  of 
regulator  is  included  the  feedback,  which  consists  of  ehamivr  -a  wit 
tellows  1 and  spring  2.  To  chamber  a is  transferred  pressure  p2  the 
adjustable  (command)  airflow,  which  affects  bellows  1 and  moves  wit 
the  aid  of  stock/rod  3 shutter/valve  t,  lowering  the  input  signal  o 
sensor  4. 

In  this  schematic  the  nozzle  - shutter/valve  5-6  is  signal 
amplifier,  which  enters  the  bellows  sensor  a (amplifier  of  first 
stage),  and  bellows  box  10  - by  th*'  amplifier  of  the  second 
step/stage,  which  raises  with  the  ail  or  adjustable  ‘hro* * 1 e/choke 
11-12  air  pressure  with  p,  to  at  the  inlet  inf3  ictuatino 
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Lot  us  examine  the  action  of  bellows  box  10,  which  is  * h - 
amplitiei  of  “he  spcoiuI  step/stage.  The  compressed  air  under  pressure 
p0  through  the  adjustable  throt  t ie/chok»  of  the  type"  r.ozzl-*"  - 
shutter/valve  9-11  enters  the  bellows  chamber  d , connected  or.  * 1 «■  on- 

hand  with  the  cavity  of  membrane/diaphragm  drivp  IS  and 
simultaneously  through  the  second  adjustable  throitle/choke,  which 
consists  of  the  same  shut fer/va 1 ve  11  and  tube  12,  wi»h  the 
atmosphere.  Shutte r/va 1 vo  11  by  rod  is  connected  with  bellows  box,  in 
consequence  of  which  its  distance  fro m th*^  nozzle  edge  9 and  of  th - 
end/face  of  vent  line  12  is  determined  by  pressure  o1  amnliti  r of 
first  stage  (by  pressure  before  nozzle  5).  In  moving  shutter/valve  11 
down  increases  the  flow  area  between  it  and  nozzle  9 an  1 
simultaneously  decreases  the  section  of  the  end-type  slot  1 :twe»n  th  ■ 
shutter/valve  and  tube  12.  During  the  complete  overlap  by  the 
shutter/valve  of  11  flow  ar«as  of  tube  12  in  chamber  1 and, 
conse  guen*  1 y , also  in  membrane/ciiaphranm  drive  15  will  be 
establish/installed  maximally  the  pressure. 


Tie  equilibrium  of  tellows  sensor  will  be  determined  bv  the 


equality 


PiFi  ~ Pfi, 

where  F,  an  1 ?2  - the  effective  areas  cf  bellows  7 an  1 d.  Tn 
view  cl  the  fact,  that  F,  > ?2,  lo+  us  have  p2  > p,  . 

By  a regulator  of  this  type  is  provided  with  a hiih  d-gro-  of 
accuracy  the  linear  Impendence  between  a change  in  tha  controlled 
parameter  and  outlet  pressure  p?,  i.e.,  the  displacement  of  th J 
performing  membrane/diaphragm  of  the  diiv<~  of  the  overlapping 
valve/gate  of  main  line  14.  In  oth  r words,  each  value  of  controlled 

parameter  corresponds  the  strictly  defined  value  of  pressure  p 2 in 
membrane/diaphragm  dri ve. 

Apparatuses  of  the  pressure  adjustment  of  air.  For  the  normal 
operation  of  pneumatic  system  i*s  power  supply  must  conduct  by  air 
with  the  constant  pressure,  which  is  provided  by  special  pressure 
regulators  (pressure  reducers  or  n auction  valves).  Pag3  2^7. 


w,  i A 
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Fig.  242.  Reducer  (regulator)  of  ait  pressure  (a)  and  t n:*  sc  h e m a t i c 
or  its  a ppl  ica  t ion/use  in  pneumatic  actuator  (1).  , f)  Pressure 
reducer  is  the  regulator,  employed  for  automatic  decompression  of  the 
compressed  air  and  his  automatic  maintaining  at  the  assigned  lev  1. 

As  reducers  they  are  applied  predominantly  tii-ir  diaphragm  (s«. 
Fig.  72b)  and  bellows  (see  Fig.  73)  types.  These  r-  lueers  are 
utilised  for  obtaining  relatively  Low  pressures  (to  10-40  k.of/cm?)  as 
a result  of  t he  limited  strength  of  diaphragm  and  bellows. 

date  in  the  valv-s,  intended  for 
usually  in  the  form  or  the  tlat/plane 
prepared  from  elastic  material  valve, 
rounded  projecting  edges  (more  rarely 
gates) . 

Figure  242a  shows  one  of  the  apparatuses  of  this 
desig  nation/pur  pose,  which  ir.  practice  i+  was  called  the  name  * h- 
stabilizer  (reducer)  of  pressur  (s>e  also  Fig.  7 2b)  . The  nrincipl- 
of  i*s  work  is  based  on  automatic  \ change  in  the  ‘low  area  of 


a work  with  gases,  is  fulfill"! 
(lamellar)  rubberized  or 
seated  to  seat/socke*  with  the 
are  applied  ball  bearing 


airflow  during  a change 


in  pressure  and  air  flow  rat 


in  power  1 i r. ► 
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and  maintaining,  thus,  the  pressure  constancy  of  tir  it  the 
cutput/yield  of  stabilizer  (in  service  lit  ).  The  pi-rsur?  constancy 
is  provided  by  an  automatic  charge  in  the  position  of  rh->  throttle 
valve,  which  controls  the  flow  area  of  airflow  during  fluctuation:  of 

pressure  ir.  chamber  a,  connected  with  out put/y iel  1 . 

For  the  installation  of  the  required  operating  pr^ssur  a r * 
output/yield  of  stabilizer  serves  regulating  (choke)  scr  jw/->r  ' g 1 1 i 
1,  with  the  aid  of  which  changes  the  ef  for  ‘•/force  of  spring  2,  which 
affects  diaphragm/membrane  i,  connected  with  valve  4,  which  i->  h«  1«: 
into  saddle  by  spring  5.  A change  ir;  pressure  and  air  flow  rat  in 
grid/network  causes  the  displacement  of  d i aphr a gm/m^mbr ane  d and  of 
valve  4,  in  consequence  of  which  it  changes  the  flow  ara  of  airflow 
until  the  forces,  which  affect  di.aphra  g m/me  mb  ra  ne  1,  ar-  balanced  a r.  i 
pressure  in  chamber  a is  rot  stabilized. 

During  a decrease  in  the  pressure  in  chamber  a,  which  can  be 
caused  by  a decrease  in  the  pressure  i r.  the  supplying  grid/network  or 
by  an  increase  in  the  air  flow  rate  iv  users,  diaphr agm/me mbru ne  1 
under  spring  effect  2 will  be  diop/ami tted  and,  after  moving  down 
valve  4,  will  increase  the  flow  area  of  airflow,  that  will  ensure 
pressure  balance-  in  chamber  a to  -hat  which  was  assigned.  Page  29H. 
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Fig.  241.  Pneumos-  instrument  of  preasuro  adjustment. 


Fig.  244.  Flowing  pressure  bay  with  a throttle/chok«?  of  the 
nozzle"  - shutter/valve. 


Key:  (1).  To  pneumatic  cylinder.  At  increase  if  t h e pressure  in 

chamber  u will  cruse  the  reverse/inverse  action  of  t-he  indies’-  -d 
parts  of  the  stabilizer.  A least  change  of  the  pressure  in  caam’.n  r a 
will  cause  an  instantaneous  change  in  the  position  of  valve  4. 


Figure  242b  lepicts  th“  schematic  of  pneumatic  syst?*  wi*h  *h‘ 
diaphragm  regulator,  ostabl  ished/i  nstalleu  in  th*->  main  lin^  jf  H ^ 
powe-r  supply  of  the  rod  (lower)  cavity  of  pnjun.a*ic  cylinder  S, 
pressure  in  which  must  be  lower  than  the  pressure  pnum  in  'Ic  main 
line  of  power  supply  (pna  <.P„um)- 

During  a pressure  increase  PPr<>  air  at  output/yield  from 
regulator  (in  chamber  a)  d iaph rag m/memb ra no  1 is  deflected  unward, 
and,  overcoming  the  effort/force  of  spring  2 and  moving  th«  upward 
flat/plane  gate  of  valve  4,  decreases  its  tiow  ar^a.  Wi*h  lowering  in 
the  pressure  at  out  put/y  iel»i,  the  flow  ar^a  of  valve  increases.  Th- 
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adjustment  or  requlator  to  the  required  pressure  is  realized  by 
sere w/prope 1 1 >r  1,  compressive  spring  2. 

Proportional  reduction  of  pressure.  In  the  systems  of  pneumatic 
automatics  are  applied  also  the  instruments  of  pressure  adjustment, 
which  possess  ••he  property  of  proportional  reduction  (reduction  of 
pressure  in  the  assigned  relation)  , which  rs  achieve  i bv  the 
appl i ca tier /use  of  se ries-conn ected  two  ana  more  t hi ot t l-/chok  s ir 
conjunction  with  reduction  val  v-  . 

fi  e schematic  lia  jram  of  a similar  rr  g iiator  is  giver  in  Fig. 
242a.  Pegu  la* or  consists  of  two  chambers  a and  L,  divid  <1  bv 
diaph rag m/mombrane  2,  connected  wit),  reduction  valve  S, 
esta b lished/inst a 1 1 ed  in  upper  chamber  b.  At  the  inlet  into  the  low-r 
flowing  chain  her  a and  at  outpu+/yield  rrom  it  a re 

established/i nsta l 1 ed  t he  throttle/chokes  of  1 and  1 fixed  resistor. 
At  output/yieli  from  upper  chamber  is  esta  fc  1 ished/inst  ,a  lie  d 
throt  tic- /choke  4. 

In  lower  chamber  acts  prt  ssur p,,  determined  by  inequality  p0  > 
p,  > where  r0  ac  to  pressure  before  th  rott  lc /choice  1 and  n?  !!• 
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reduced  pressure*  (. 

Jy  * h*  so  lect  ion  of  t hfc  ructions  of  these  *'hrot*  ] e/chokps  < ( n 
f 3 is  esttibl  ish/i  ns  tal  led  the  required  pressure  p t in  lower  chamber 
a,  which  is  supported  also  ir.  the  upper  abovo-uiaphragir,  chamber  ( w<- 
consider  d ia  phrag  m/mom  brare  absolute  Ly  elastic)  , by  ♦ h'  selection  of 

section  r,  t.hrottl  e/cho  ke  at  output/yield  rrom  upper  chimb,  r is 
regulated  the  air  flow  rate  through  reduction  valv-  5. 


Page  299. 


The  calculation  of  the  regulator  in 
calculation  of  filling  and  emptying  of  th 
through  throttle/chokes  1,  3,  u.  Analysis 
pressures  p,  in  chamber  a and  p0  - at  the 
will  be  do  tor  mi  n?  1 by  the  relation  of  the 
f 3 /f 1 1 whereupon  during  the  supercritical 
both  thrott le/chones  we  have 


g ues  t i 
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By  analogy  with  electrical  potentiometer  the  examined  chamber 
usually  +hey  call  pneumatic  potentiometer. 


On  this  same  principle  is  constructed  also  the  analogous  sensor 
of  the  relation  of  pressure  p0/Pi  whose  schematic  is  represented  ir 
Fiy.  2431. 


The  flowing  chamber  with  the  exit  adjustalle  throttle /choke  of 
the  type"  nozzle",  shu  tter/ va  1 vef  widely  is  applied,  in  nar*:icular , 
in  the  pneudraulic  servomechanisms  as  first  stage  of  intensification 

(Fig.  244a;  cm.  also  Fig.  127).  Changing  with  the  displacement  of 
sh  utt.  er/val  ve  a distance  x,  i.o.,  changing  the  flow  area  of  the  exit 
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add  ustab  1?  t hrot  t 1 e/choke , we  can  control  pressure  p t in  the  flowing 

(in*e rth rot t le)  chamber  and  in  the  connected  with  i * pneumatic 
cylinder.  Figure  244d  shows  ex(  eri  menta  1 cnve  of  function  i>,  = r (x) 

of  this  svstep. 


it  the  low  pressures  of  power  supply  (p0  < 0.7  V jf/cir?)  a 

pressure-operated  device  of  this  type  can  be  approx  i ;n  * e 1 y ralculi**  i 
as  hydraulic,  by  u*  Hieing  ar.  t]uaTior  of  'he  constancy  of 
expenditure/consumption  Q through  both  throttle/chok^s. 


Ir  this  case  we  have,  according  to  equation  (19), 


v p <?2 
P 0 Pi  — £l  ~K 7T~  H pl  Pi' 

U 


. P Q- 

2 ■ fi’ 


H - an  d 1 


whence  (set/assuming  the  drag  coefficients  cf  t hrot 1 1 o/cito kes  r-.  x = 


A 
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here  ^ and  d? , diameters  uncontrolled  and  adjust*.  1 or 
throt  tle/choxes,  . 


Elect  ropnouraat  ic  relay  and  pressure  indicator,  ^or  t h 1 checking 
cf  th»  pressure  during  pneumatic  systems,  realized  by  an  effec'-  on 
the  contacts  or  the  mic r osw i tch , connected  in  electrical  control 
circuit,  is  applied  the  pressure  r-lay.  Kelay  is  spr ing -lo aae i 
diaphragm/membr ane  1,  on  which  acts  workinj  air  pressure  (Fig.  2 46; 
see  also  Fig.  94c)  . 

Air  pressure,  applied  to  channel  a,  acts  through 
diaphragm/membrane  1 on  cap  2 and  pusher  5.  If  the  effort. /fore ■->, 
developed  with  air  pressure,  exceeds  *he  eftort/force  of  anfd |onis*i 
spring  3 (elrort/torce  of  spring  is  regulated  ly  scr^w/prop-ller  4), 
then  pusher  6 is  moved  and  affects  the  pin  of  microswitch  6. 


The  analogous  in  operating  principle  device,  called  pressure 
indicator,  is  applied  for  the  feed  of  signal  about  the  presence  of 
pressure  on  the  determined  sections  of  pneumatic  systems.  Page  100. 
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Fig.  246.  Pressure  relays. 


Fig.  24 6.  Pressure  indicator. 


Fiq.  247.  Fleet  ropnoumat  ic  valve/gate.  This  indicator  is  th- 
miniature  power  pneumatic  cylinder  of  cne-sided  action  (Fig.  24-.).  ] 
the  housing  of  1 cylinder  is  moved  small  piston  1,  packed  »-v  ruiii^r 
sleeve  4. 


in  the  absence  of  pressure  or  the  cont rol led /inspect e 1 section 
of  pneumatic  system,  small  piston  J under  spring  effect  2 is  h Id  in 
end  right  position.  During  the  appearance  of  a pressure  it-  , 

coinpressing  spring  is  moved  to  -he  left.  Advanced  stock/rod  6 is 
signaled  with  the  aid  of  mechanical  or  electrical  devices  inout  th. 
presence  of  pressure  on  that  section  of  pn«.  u:no-ci  rcui  t , to  which  is 
connected  the  pressure  indicator. 


Fleet  ropneuma*:  ic  valve/gat*  . Jn  the  systems  or  pn  ? un.a  * ic 
automatics  dr*'  applied  for  a i*-mot<  control  of  ait  due- s t :i 
▼a  1 ve/gates  (Pig.  2 4 7),  j • . Lcl  issane  c mm  Is  • ■ n 
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open/disclosed  by  the  poppet  vdlvi-s,  controlled  hv  elec-  r oma  gr.  - * . 


Upor  tne  connee- ion/ir.cl  u sion  of  t he  • lectiie  carront  , applied 
through  terminal  sox  1,  armature  9 steps  down  ar.l  with  ^h»  aid  of 
pusher  d and  valve  6 overlaps  open  ing/apert  ure  in  fhe  upper  vtlv^ 
seat  2 ar.d,  simultaneously  pressing  through  pusher  9 on  foot  valve  j, 
it  open/di  sc  loses  the  lower  openii.  g/apert  ure  of  ♦ his  saddle,  ir  this 
caso  the  comprassed  air  entering  from  main  line  opening/apor tin e b, 
is  headed  through  opening/aperture  c towarl  user. 


During  de-enorgizing  ceil  7 spring  4 moves  upwarl  foo 
overlapping  air  intake  from  main  line.  Simultaneously  with 
moved  upward  overhead  valve  6,  providing  jettisoning  tnrou 
channel  in  valve  seat  2 and  tap  a of  air  from  the  system  o 


* he  i rmospne  re. 


* valve  3 , 
this  is 

fT  h *"  h 

f user  ir 


one 


11  ? ~!  > 10  > 


page 


Fi  248.  fl  y 1 ropneumar  ic  pressure  transducer  (a)  and  the  in  q ran  of 
itr  application/use  ir.  pneuniaUc  system  (b).  /'  / i llydropne uiaf  ic 

pressure  transducers.  In  those  cases  when  the  available  air  pr-'ssur 
insufficiently  for  obtaining  in  the  suitable  size/dim^nsions  or  *-he 
pneumatic  asse.nl  lies  of  the  required  e±  for  t/f  orcos,  applv  the 
pneudraulic  converters,  in  which  relatively  low  air  pressure  1 ' 
transformed  into  the  high  pressure  of  the  liquid,  which  is  the 
working  medium  of  the  hydraulic  part  or  the  system.  Specifically, 
such  amplifiers  are  applied  in  the  teed  units  of  metal-working 
machines,  whereupon  during  their  applicat ion/uso  i * is  repress  v + ' 1 
possible  to  obtain  the  considerable  ef f ort /forces  of  fe~1  a*  small 
air  pressure. 


Figure  248a  shows  the  schematic  or  the  widespread  preudra  ulic 
pressure  transducer.  The  compressed  air  under  pressure  p is 
supplied  to  tne  left  cavity  a or  the  cylinder  cf  converter  and, 
acting  on  differential  piston  1,  forces  out  liquid  under  elevated 
pressure  in  chamber  b.  This  pressure  acts  on  piston  d,  ievelopmg 
effort/force  on  stoc.</rod  2. 


Pressure  of  liquid  in  chamber  b 
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Ef fort/force  on  stock/rod  2 


„ n x D\D3  _ 

P — Pxc  —7-  D3  — 4 ’ ~2  P*’ 


Figure  248b  gives  the  schematic  of  the  feed  unit  of  drill 

which  switches  on  pressure  transducer,  la  r ge- d iamet  er  4 pneuii ■ 
cylinder  of  which  sets  in  motion  of  two  hydraulic  cylinders  of 

7 small  diameter,  that  teed  by  liquid  the  performing  hydraulic 


1 
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power 
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cylinder  or  3 feel  units  of  machine  tool. 


Pressure  p2  in  the  cavities  of  hydraulic 
hiqhf-r  than  the  air  pressure  pt,  applied  into 
It  is  proportional  to  relation  to  larqe  f and 
of  the  differential  piston: 


cylinders  1 and  7 is 
pneumatic  cylinder  4. 
hy  small  t of  th*  area 


Pi 


= P\ 


F_ 

f ' 


Tie  compressed  air  they  will  be  distributed  by  slide  valve  9 
with  electromagnetic  actuator.  During  the  supplying  of  air  into  the 
right  cavity  of  pneumatic  cylinder  4 its  piston  is  move  1 to  the  let*-, 
as  a result  the  piston  of  the  hydraulic  cylinder  of  1 conver*^r 
supplies  liquid  to  the  power  of  hydraulic  cylinder  J teM  units  of 


machine  tool. 
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Sinial  tar;.. o usl  y ♦■he  liquid  ot  their  rignt  cavi-y  of  hy 
cylinier  3 is  displaced  throuyh  the  speed  joverroi,  which 
throttle/choke  6 and  check  valvn  8,  into  the  r iqh  ♦ cavi-y 
hydraulic  cylinder  of  7 converter. 


Speed  governor  has  adjustable  thr ott le/c noke  h,  revet 
valve  5 and  bypass  valve  (bypass  valve)  8 with  el-  c-romagn 
control  at  the  signals  of  sensor  2.  In  the  beginning  of  th 
stroke  of  hydraulic  power  cylinder  3 liquid  is  displace!  h 
through  the  open  in  the  initial  position  channel  of  valv^ 
circuit/bypass  ot  throttle  6 and  after  th---  switching  on  of 
driving/homing  electromagnet  oi  valve  and  overlap  of  i-  by 
plunger  of  drain  channel  - through  throttle/choke  ft. 


The  first  part  or  the  course  is  *he  uncontrolled  in-r 
traverse  of  instrument  to  article  and  tae  second,  - by  the 
working  course.  Page  302. 
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Fiy.  250.  Diagrams  of  pneumatic  actuators  with  hydraulic  retarders. 


with  the  r everse/i n v jr so  piston  stroke  of  pneumatic  cylinder  9 *o  the 
right  the  liquid  from  the  hydraulic  cylinder  ol  7 convertor  enters 

through  chock  valve  5 into  the  right  cavitv  of  hydraulic  cylinder  3, 
as  a result  the  arbor  of  machine  tool  accelerated  is  moved  *o  ’•he 
initial  position. 


STANDARD  PNEUMATIC  ACTUATORS. 


Combined  pneudraulic  arives. 


Are  applied  also  diagrams  with  combination  pneumatic  tir-.-s  and 
hydraulics.  The  simplest  case  is  the  a p pi  icat  ion/us«  of  the 
compressed  air  for  the  drive  ot  the  distribution  valve  of  hydraulic 
system. 


Figure  249  gives  the  schematic  diagram  of  a similar  valve  with 

the  pneumatic  first  step/stage  of  i n torsi  f ica  t ion . Th->  basic  valve  ot 
3 hydraulic  systsis  is  driven  ly  two  pneumatic  servocy 1 ind ers  4 and 
2,  controlled  by  pneumatic  distributor  5 with  rlectroraa in3 ♦ 1. 
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Depending  on  r.ho  position  of  maqnet  core  1,  which  sets  to  motion 
the  auxiliary  pneumatic  slide  valve,  compressed  the  air  is  supplied 
to  pneumatic  cylinders  4 or  2,  than  and  is  realized  the  required 
control  of  basic  distribution  valve  1. 

Pneumatic  actuator  with  hydraulic  retarder. 

As  a result  of  the  high  compressibility  of  air  the  control  of 
the  velocity  of  pneumatic  servomotor,  and  in  particular  the  provision 
for  the  assigned  law  of  piston  stroke,  is  extremely  difficult,  rn 
view  ct  this  for  the  control  of  the  velocity  of  pneumatic  s^rvo^o^ors 
are  applied  hydraulic  regulators.  In  the  similar  combined  nn-uiUaul’c 
systems  as  energy  source  serves  the  compressed  air,  ind  the  control 
of  th°  velocity  of  piston  stroke  is  provided  with  the  aid  of 
hydraulic  devices. 

i-'igure  250a  depicts  the  diagram  of  this  drive,  intended  for  Me 


uncontrolled  accelerated  and  adjustable  winn  the  aid  of 
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tlirottle/choko  3 depressions  ot  th-  shutter/va  1 ve  of  metal  lard  ica  1 
furnace.  Paie  303. 
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rig.  2C.  1 . d i a j r a m ; of  ineuma'ic  actuators  with  hydraulic  brake.  Upon 
the  start  of  two-pass  distribution  valve  1 compressed  air  from 
power-supply  system  enters  oleo-  pneumat  ic  reservoir  (intermediary)  ? 
and,  i is placirr;  rron  it  liquiu  into  thi  rod  cavity  of  hydraulic 
cylinder,  it  novas  piston  down,  heavinq  sh uttor/va 1 va. 


in  order  to  remove  the  limitation  of  t;lC  -at  e of  dim!  or 
shutter/valve,  is  established/installed  ir  parallel  with 
throttle/choke  3 check  valve  4.  ir.  the  nonoperati  ve  (lower)  ca  vi‘ v of 
cylinder  is  estahl ished/installod  air  reactor  6,  which  creates 
backwater  in  this  cavity,  which  facilitates  the  stability  of  motion 
of  pi  ston  "3. 

During  the  exchange  of  valve  1 to  the  second  position  the  air 
from  reservoir  2 is  driven  out  in  the  atmosphere,  ar.d  shut  ter/  valve 
under  its  own  weight  is  omitted,  displacing  into  tank  liquid,  from  *h  ■ 
upper  cavity  0f  the  cylinder  through  adjustable  throttle /ch ok e 3, 
with  the  aid  of  which  is  regulated  the  velocity  of  the  depression  of 
sh  ut  t er/va  1 ve. 
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Analogous  drive  wit!:  ♦ wo  oleo-pneumat ic  intermediaries  2,  “he 
hydraulic  power  cylinder  of  bilateral  action  and  three- pos it  ion  valve 
1 in  air  duct  is  shown  in  Fig.  2o0b.  Tr  the  mid-position  of  valv*  1 
line  of  the  feed  of  the  compressed  air  into  bo+h  intermediaries  2 ar3 
overlapped.  In  the  left  position  of  distributor  the  compressed  air  is 
supplied  it:  left  intermediary  2,  whence  it  lisplaces  the  liquid 
through  check  valve  9 and  the  conduit/mani fol 1 into  tns  Left  cavity 
of  hylraulic  cylinder  7 and  simultaneously  through  the  bypass 
conduit/manifold  into  its  right  (rod)  cavity.  In  vi.^w  of  the 
difference  of  piston  clearances  it  in  this  case  is  move i to  the 
riyh*,  whereupon  effective  area  is  the  sectional  ir<M  of  stock/roi 
(see  Fig . 28)  . 

During  the  exchange  of  valve  into  the  left  position  the 
compressed  air  enters  rijht  intormediary  2 and  displaces  from  it  th- 
liquid  through  check  valve  5 and  conduit/manifold  f into  the  right 
(rod)  cavity  of  hydraulic  cylinder  7.  Simultaneously  wi-h  * h is  liquid 
♦•hroujh  bypass  con  d u it /ma  ni  r old  1 proceeds  to  the  rontrolloj  check 
valve  (hydraulic  lock)  9 (see  also  Fig.  87c),  which,  after  connecting 
the  left  cavity  of  hydraulic  cylinder  7 with  the  left  intermediary* 
makes  it  possible  of  liquid  to  move  away  from  this  cavity  in 
intermediary. 
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Ate  applied  diagrams  witl  two  cylinders,  one  of  which  is  power 
and  the  second  Irak  in  j.  F iqure  2r)1a  shews  tne  diagram  of  similar 
pneudraulic  drive  with  power  pneumatic  1 and  braking  by  hydraulic 
cylinders  2 whose  pistons  are  placed  to  com  non/general /tot  al 
stocK/rod.  gra^inj  the  piston  strode  ot  pneumatic  cylinder  in  *■ ! i s 
diagram  is  realized  by  the  choke  opening/apert ure  a in  the  piston  of 
braking  hydraulic  cylinder  2. 

Figure  2S1b  shows  the  schematic  of  a similar  mechanism,  used  for 
the  control  or  the  feed  rate  of  the  instrument  cf  drill  jress.  -it! 

the  piston  of  the  power  pneumatic  cyli;  ior  of  1 this  di  igrum, 
controlled  by  pneumatic  fourway  distri l utor  h , is  connected  in < o 

parts  ot  t he  piston  Tivnl  of  braking  hydraulic  cylinder  ?,  served  ly 
damper.  Page  104. 
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left  cavity  of  pneumatic  cylinder  1 its  piston  is  moved  to  the  riqht, 
whereupon  in  the  first,  part  of  its  course  in  the  wav  / , limited  h y 
detents  4 and  5 on  the  stock/ rod  of  hydraulic  cylinder  2,  i-  is  moved 
accelerated,  since  -he  hydraulic  damper  this  does  not  impede.  With 
the  arrival  of  lever  6,  established/installed  on  the  piston  rod  of 
pneumatic  cylinder  i,  at  detent  5 velocity  of  the  piston  stroke  of 
pneumatic  cylinder  1 is  limited  by  the  friction  of  the  * hr ot 1 1 o/choke 

of  the  speed  governor  3,  through  which  must  bo  pressed  -he  liquid 
from  the  left  cavity  of  cylinder  2. 

With  the  l evarse/inverse  piston  s-rok^  of  pneumatic  cylinder  1 
its  velocity  is  not  limited,  since  the  liquid,  displaced  from  -ho 
left  cavity  of  brake  cylinder  2,  passes  through  the  return 
mantle  vering  valve  3 into  the  circuit/by  pass  ot  its  t hrot  1 1 e/ch  ok« . To 
the  arrival  of  lever  6>  at  detent  4 piston  ot  7 traxe  cylinder  ? is 
net  moved. 

For  the  control  of  velocity  are  applied  also  th->  stabilizers  of 
pr'-’ssure  and  the  bypass  valves,  the  first  of  which  provide  constant 
velocity  with  varying  load  and  -he  second  are  a possibility  of  rapid 
adjustment  with  the  subsequent  slow  shift,  figure  2r?i  shows  1 1, 


schemitic  of  the  feed  uni 


cf  drill  press  with  the  apol ica t ron/use  of 
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the  indicated  device.  In  diagram  is  applied  distributor  10  with 

electromagnetic  control.  During  th^  supplying  of  the  compressed  air 
through  this  distributor  into  left  tnrouqh  hydraulic  cylinder  4 to 

the  right.  In  this  case  the  piston  of  hydraulic  cylinder  4 displaces 
throuqh  reduction  valve  6,  throttle/chokes  7 and  4 and  mechanically 
controlled  bypass  valve  4 oil  from  its  right  cavity  into  f ai  k 2.  The 
filling  in  this  case  with  the  liquid  oi  the  left  cavity  of  hydraulic 
cylinder  4 occurs  from  tank  2 through  the  check  valv->. 


During  this  period  occurs  the  working  shirt  of  the  piston  of  the 
pneumatic  cylinder  of  1 and  connectpl  with  it  feed  unit  of  machine 
tool.  The  speed  of  tnis  shift  is  determined  by  the  setting  up  of 
throttle/chokes  7 and  4. 


A*  certain  assigned  tor  que/monie  nt  bypass  valve  4 with  t v,  ->  aii  of 
th°  cam/catch/ jaw,  est  ip,  1 ished/i  ns  i all  ed  on  t hi  feed  unit  of  machine 
tool,  is  changed  over  to  enclosed  position,  whereupon  liquid  is 
abstract/removed  from  hydraulic  cylinder  4 into  tank  only  throuqh 
reduction  valve  6 and  ar  r an  ged/  loc.at  ed  af*er  l*  ♦ nro*  t le/c  ho  k^  7,  as 
a result  the  piston  stroke  decelerates  to  the  value,  which 
corresponds  to  the  control  of  this  throttle /choke. 
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At  the  t er  initiation  of  working  stroke  distributor  10  is  changed 
ov**r,  and  the  compressed  air  is  supplied  *o  the  right  cavitv  of 
pneumatic  cylinder  1,  movirg  its  pistor  to  the  left. 


Page  105. 

Oil  is  displaced  in  this  case  of  the  left  cavity  of  hydraulic 
cylinder  a into  tank  2 through  thr ott lt/choke  3,  witn  the  aid  of 
which  is  regulated  the  velocity  of  back  stroke. 


Into  eho  right  cavity  oil  in  this  case  enters  through  check 
valve  S. 


The  presence  in  the  system  of  reduction  valve  b provides 
constant  j urn  p/drop  in  the  pressure  on  throttle/choke  7 and, 
consequently,  ilso  constant  fluid  flow  rar  e through  i*  without 
depending  on  the  load  of  pneumatic  cylinder  1.  This  flow  rate  cat  5 
calculated  for  a throttle/choke  in  the  form  of  opening/aperture  in 
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ti ne/t  h in  washer  according  to  equation  (20).  Accepting  also  in*o 
consideration  the  expression  Q i_  l'f.  which  links  flow  rat-  ot  c of 
the  liquid  through  the  throttle/choke  with  the  velocity  of  motion  Vr 
the  piston  of  hydraulic  cylinder  and  l>y  its  area  K,  we  can  write 


„ Q LlL  l/ - k-L. 

v*  ~ Fd  ~ F , V P “ Ft  • 


where  k — — const 

Ap  is  the  pressure  differential 


ant  for  these  conditions 
or.  throttle/choke  7. 


value; 


he  re 


During  the  establish/installed  piston  stroke  ef f or  * ft  ore-  or  *h 
stock /rod  of  pneumatic  cylinder  1 without  taking  ir.*o  account  o. 

f r ict ion 

P = p,F.  = SpFt  + PHtup, 
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piston  clearance  of  pneumatic  cyli  rider  ;^a  nd  r - 
pressure  in  hydraulic  cylinder  ana  the  effective 

F NO££ 

- Tfie  maximum  force  of  feed  (payload). 

N 


a jump /dr op  in  the 
area  of  its  piston; 


'from  this  equation  is  determined  the  active  area  of  the 
pneumatic  cylinder 


F,= 


ApF ? — P Hip’n 

P$ 


The  minimum  area  f"_  hydraulic  cylinder  u is  selected  takina 
into  account  the  satisfactory  conditions  of  the  work  of 
throttle/choke  (see  pa  qe  107).  For  this  the  minimum  flow  ratp  through 
the  throttle /choke  must  be  at  the  jiven  speed  of  piston  strok 

.3  j 

C < 71  / > • 


Q = veFe  ^ 5 
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The  diagram  of  the  analogous  pneudraulic  feed  system  of  the 
power  pack,  of  boring-boring  machine  is  shown  in  Fig.  252b.  In  system 

is  applied  one  cylinder  1,  right  cavity  ot  which  is  pneumatic  left  - 
hydraulic,  whereupon  cylinder  is  fastened  on  the  movable  housing  of 

the  knob/cap  of  machine  tool,  and  its  stocx/rod  is  connected  with  th 
stationary  part  of  the  machine  tool. 

For  the  shift  of  cylinder  1 to  the  right  compressed  air  is 
supplied  through  the  a cco mplished/car r i ed  out  in  stock/rod  channel  a 
to  the  right  cavity  of  cylinder.  Bypass  valve  2 in  the  initial 
position  of  system  is  held  by  detent  in  the  motion  work  of  the 
machine  tool  in  the  embedded  position,  in  which  the  liquid  from  th--» 
left  cavity  ot  cylinder  1 is  displaced  intc  tar.k  withou*  friction. 
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which  corresponds  * o ♦■he  rapid  adjustment  of  the  now-^r  pick  of 
machine  tool.  After  the  break-down  of  detent  or  valv?  2 lion  id  from 
the  left  cavity  of  cylinder  1 is  displaced  through  the  stabilizer  of 
4 velocities,  as  a result  the  velocity  of  cylinder  descends  to  *he 
assigned  magnitude,  determined  by  the  control  of  *he  throttle/choke 
of  this  stabilizer. 


The  back  stroke  of  power  pack  (course  of  cylinder  *o  Me  lrft) 
is  accomplished  by  means  of  the  feed  of  the  compressed  air  into  *ai  k. 
3,  from  which  oil  is  extruded  by  the  air  through  by-nass  valv^  2 irto 
the  left  cavity  of  cylinder.  Page  306. 
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Fig.  253.  Diagrams  of  the  timing  relay.  Instruments  for 
assigned  cyclic  recurrence  of  operations. 


providing  ♦h-1 


In  many  instances  it  is  required  to  ensure  in  nhe  operation  of 
the  system  of  any  machine  the  assigned  cyclic  recurrence  (assigned 
pauses)  between  courses.  S pecif ica  11 y , in  the  d iscret e/1 i g it al 
control  systems  frequently  it  is  required  to  ensure  the  assigned 
delay  between  the  torq ue/momen t of  the  teed  (or  removal)  of  signal 
ana  t h«  beginning  of  the  function  of  ore  or  the  other  actuating 
element.  The  latter  is  reached  with  the  aii  of  the  timing  relay,  th.j 
operating  principle  of  which  is  analogous  to  the  action  of  the 
hydraulic  relay  of  time  (see  Fig.  86).  Structurally  it  iiffers  from 

the  hydraulic  the  fact  tha*  the  seal ing/pressurizat ion  is  here 
executed  by  rubber  blankets  anc  collars.  The  duration  (time)  of 

holding  is  determined  by  time  of  the  discharge  of  the  certain  vjlume 
through  the  adjustable  throttle/choke. 

For  the  creation  of  the  pneumatic  timing  relays  are  utilized  *he 
processes  of  rilling  or  emptying  through  the  throat le/chok e of 
certain  volume  (receiver)  . Time  of  increase  or  decompression  * o •'he 
assigned  magnituie  is  regulated  as  in  analogous  hydraulic  ie v ic^r , by 


a chan ge  in  the  volume  of  receiver  or  flow  area  of  thrott lo/ch oke. 
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Figure  25da  gives  diagram  of  one  of  the  types  of  the  timing 
relay,  in  which  the  provision  tor  time  is  realized  because  of  the 
iillirg  of  t.he  receiver  through  the  throttle/choke. 


Relay  consists  of  two  throttle/chokes  2 and  4,  receiver  7, 
command  piston  8 and  three-way  valvt  distributor  11,  ’-hrough  which  is 
supplied  performing  pneumatic  engine.  The  valve  of  10  this  devices  is 
constantly  enclosed  and  is  put  into  action  by  the  piston  of  8 timing 
relay  at  the  signals  of  air  pressure  ii  receiver  7.  in  the  lower 
position  of  this  piston  channel  d of  pneumatic  engine  is  overlapped. 

During  the  launching/starting  of  system  the  compressed  air 
enters  through  cond uit /man  if old  1,  of  which  part  of  the  flow  is 
headed  through  adjustable  t hrot r le/clioke  2 tor  the  uoper  cavitv  c or 
cylinder  and  through  adjustable  ti.  rot  t le/chok  e 4 for  the  lower  cavity 
b of  this  cylinder  and  receiver  7. 


Pa  jo  107. 
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Si mul taneousl y with  this  air  enters  under 
deflecting  it,  it.  intercept/detaches  with 
7 from  the  at  Biosphere  (from  channel  a)  . 


d ia phragm/mem bran?  S and, 
the  aid  of  valve  6 receiver 


After  certain  time  interval,  determined  by  the  volume  of 
receiver  7 and  by  the  control  of  t h rot  t le/rho  ke  4,  *-h->  pressure  in 

receiver  and,  consequently,  also  in  cavity  b under  piston  3 will  b- 
raised  to  the  value,  capable  of  overcoming  tne  resisting  forces, 
which  act  on  piston  8.  In  this  case  the  latter  will  move  into  t h< 
upper  position  and  with  its  detent  open/discloses  valve  10. 
Simultaneously  with  this  piston  8 open/di sc loses  also  valve  1, 
connectir.  j cavity  c with  the  atmosphere,  than  ks  to  which  the  further 
shift  of  this  piston  to  upper  end  position  will  occur  virtually 
instantly,  and  consequently,  instantly  will  appear  signal  ir  * he  form 
of  pressure  in  outlet  duct  d.  After  the  removal  of  signal  from  input 
cond u it/ma ni t ol d 1 by  communication  of  its  with  the  atmosphere  the 

pressure  under  diaphra gm/me mbrane  1 will  fall,  as  a result  valv*  6 
will  be  discovered,  connecting  cavity  j-  and  receiver  7 with  the 

atmosphere,  as  a result  piston  8 under  the  spring  effect  of  9 
distributor  11  will  move  into  the  lower  position,  in  which  channel  d 
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is  disconnected  troni  channel  e of  power  supply. 


Figure  253t<  shows  the  diagram  of  the  relay,  the  operating 
principle  of  which  is  based  on  the  emptying  of  receiver.  The 
compressed  air  proceeds  to  input  conduit/manifold  8 it  moves  valve  1 
to  the  right  position,  as  a result  conduit/man i fo la  2,  which  drives 
to  the  working  cavity  of  performing  pneumatic  engine,  is  connected 
with  delivery  pip'-*  8 and  channel  a,  connected  with  the  second  cavity 
of  engine,  it  is  connected  with  the  atmosphere.  The  simultaneously 

compressed  air,  which  enters  rrom  cond uit/mani fold  2 the  left 
end/face  of  valve  7,  moves  hie  to  the  right  position  (represented  in 

figure),  whereupon  begins  filling  of  receiver  6 up  to  a pressure  of 
tna  i n line. 


During  the  supplying  of  signal  in  the  form  of  the  pressure  of 
the  compressed  air  to  cond  u it./ tna  ni  t old  5 valve  7 as  a resul*  of  a 
difference  in  the  areas  of  right  and  the  left  of  er.d/faces  is  changed 
over  to  the  left  position,  as  a result  channel  a is  connected  with 
main  pressure  lino,  but  receiver  b is  through  adjustable 
throttle/choke  3 with  the  atmosphere. 
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Through  certain  time  interval  the  line  pressure  4 is  lowered  a? 
a result  of  the  lischarge  of  receiver  to  the  value,  with  which  *hc 
effort/force,  which  acts  on  the  left  end/f aca  of  valva  1,  overcomes 
the  resisting  forces  of  device,  ar.d  valve  it  is  changed  nv  u to  the 
right  position,  in  wnich  exit  conn uit/man if old  2 is  connected  with 
main  line,  and  charnel  a it  i s connected  with  the  atmosphere. 


After  the  removal  of  control  signal  from  input  condui-/ma nif old 
5 valve  7 is  move i to  the  right  position  under  tha  effect  of  pressure 
cf  the  compressed  air,  supplied  from  conduit/manifold  2. 


Receiver  is  connected  with  main  line,  and  cycle  is  repeated. 


figure  253c  depicts  the  diagram  of  the  relay,  in  which  <- h > l^lay 
time  is  determine  1 by  the  simultaneous  control  cf  filling  and 
emptying  or  flowing  receiver  2 of  a constant  volume.  The  compressed 
air  f com  conduit/manif old  8 proceeds  *o  adjustable  throt  »• le/choke  1, 
it  fills  reCoivtr  2 at.  1 simultaneously  through  throttle/choke  1 


emerges  in  the  atmosphere. 
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During  the  appropriate  control  of  the  friction  of 
throt t le/chokes  1 ami  1 (see  also  Pig.  26b)  pressure  in  receiver  2 
will  I*-  raised,  and  upon  achieving  the  value,  sufficient  for  r 
overcoming  of  the  resisting  force  of  spring  6,  valve  4 will  be 
switched  to  the  right  position.  In  this  position  input,  main  line  6 
will  be  connected  with  channel  L,  and  channel  a it  will  b«  connected 
with  the  atmosphere.  Since  these  channels  are  connected  with  the 
working  cavities  ot  performing  pneumatic  engine,  this  -ill  cause  a 
change  in  the  direction  of  its  motion. 

After  the  ramovil  of  signals  from  conduit/manifold  8 receiver  2 
rapidly  is  empty!  through  check  valv->  7,  as  a result  v?lve  4 under 
spring  effect  s l -'turns  to  the  loft  position,  in  which  channel  a is 
connected  wi*h  main  l:n*-,  and  charnel  1 it  is  connected  with  * h- 
=>f  mos  phere. 

With  the  impedance  matching  oc  throttle/chokes  1 and  1 and  of 
the  volume  of  receiver  2 it  is  possible  tc  ensure  in  wide  interval 
the  preset  time  of  holding.  Page  108. 
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Fig.  254.  Diagram  of  the  pneumatic  system,  which  ensures  the  assigneu 

cyclic  recurrence  of  operation.  Experiment  shows  that  during  t he 
sufficiently  good  decontamination  of  the  compressed  air  the  pneumatic 
timing  relays  are  some  of  the  most,  reliable  and  long-livai,  bu  - the 
practical  stability  of  viscosity  under  different  t emperat  u re- 
conditions provides  to  them  relatively  high  accuracy/precision  aid 
the  stability  of  the  duration  of  holding.  The  schematic  of  the  device 
of  a similar  desig nation/purpose  is  represented  in  Fig.  254.  r r 
system  are  applied  two  auxiliary  air  receivers  10  and  13.  Air  comes 
from  supply  of  power  two  by  valve  3 and  5,  one  cf  which  (3)  is 
connected  with  the  upper  cavity  of  pneumatic  cylinder  3 and  the 
second  with  its  lower  cavity.  Valve  3 by  spring  2 is 

establish/installed  in  position  (represented  if:  Fig.  254),  wi*.  h which 
is  open/disclosed  the  passage  channel  of  the  feed  of  the  compressed 
air  into  the  upper  cavity  of  pneumatic  cylinder  8.  This  channel 
overlaps  with  the  aid  of  feed  fiom  auxiliary  air  receiver  13  in*o  th-* 
cylinder  of  1 air  under  signal  pressure.  In  this  case  * he  lower 
channel  of  valve  ] overlaps,  and  upper,  connected  with  the 
atmosphere,  is  open/disclosed.  Second  valve  5 connects  the  chamber  of 
valve  (upper  window)  with  t he  atmosphere  and  overl ips  the  feci  ing 
channel,  open/disclosing  it  with  irembrane/diaphragm  drive  6. 

From  diagram  if  follows  that  at  the  initial  moment  of  the  action 
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of  system  t ho  compressed  dir  enters  the  upper  cavi*y  of  cylinder  8, 

moving  its  piston  down.  The  lower  cavity  ot  cylinder  8 at  this  f ino 
is  connected  through  the  upp^L  window  of  valve  5 with  *■  he  atmosphere. 
Simultaneously  with  this  the  compressed  air  enters  through,  check, 
valve  7 in  in  auxiliary  receiver  10  and  membrane/diaphragm  drive  r, . 
The  volume  of  receiver  10  is  selected  by  such,  that  a prassur- 
increase  in  it  to  the  value,  necessary  for  the  displacement  or  the 
diaphragm/membrane  of  drive  6,  will  occur  for  the  interval  of  i-  ime , 
the  equal  to  time  of  d isp  la  cement/  movement  of  the  r>  is  tart  of  actuating 
cylinder  8.  As  a result  at  the  t or que/moment  ot  the  termination  ot 
piston  stroke  valve  5 will  be  switched  and  the  compressed  air  will 
head  into  t.he  low^i  cavity  of  cylinder.  Since  to  piston  in  this  cas^ 

acts  tie  air  pressure  from  both  sides,  it  is  found  in  rest  tha*  it 
corresponds  to  the  firs*  pause  in  work. 

simultaneously  with  air  supply  into  the  Iowc-l  cavi*y  of  cylinder 
8 will  be  begun  the  filling  through  the  check  valv^  of  11 
su  cpleaie  n tar  y receivers  1J. 
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Fig.  255.  Diagrams  of  thn  pneumatic  actuators,  which  ensure  th« 
oscillatory  motions  of  actuating  mechanism.  as  soon  as  pressure  in 
reservoir  will  become  sufficient  for  the  over  coming  of  the 
effort/force  of  the  spring  of  2 valves  1,  the  latter  will  be  switched 
and  will  connect  the  upper  cavity  of  cylinder  8 with  the  atmosphere, 
as  a result  piston  it  will  beyir  to  be  moved  upward. 

Simultaneously  with  this  will  be  begun  slow  ovorf  1 owing  through 
controlling  throttle/choke  9 in  the  atmosphere  of  air  from  auxiliary 
receiver  10,  as  a result  pressure  in  it  and  in  memfcrane/d iaphragm 
pneumatic  actuator  b will  be  lowered  so,  that  valve  5 ur.iar  spring 
effect  4 will  be  switched  to  the  initial  (opened)  position,  after 
connecting  with  the  atmosphere  and  the  low^r  cavity  of  cylinder  8. 
Since  on  both  siles  of  the  piston  of  this  cylinder  will  h3 

establish/installed  ‘-h*3  atmospheric  pressure,  it  will  be  found  ir. 
rest  wlich  corresponds  to  the  second  pause  in  the  operation  of 
syste  m. 


However,  during  the  changeover  of  valve  J with  the  atmosphere 

simultaneously  is  connected  thtouah  adjustable  throttle/choke  12 
receiver  11,  as  a result  of  a pressure  drop  in  which  valve  3 will  be 
switched  to  the  initial  (enclosed)  position,  by  which  the  compressed 
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air  again  will  enter  the  upper  cavity  cf  cylinder  8,  which 
corresponds  to  tne  beginning  of  the  repetition  cf  cycle  (after  the 
holdinq  of  the  assigned  pause  at  the  end  of  the  course)  . 

With  the  appropriate  selection  (calculation)  of  the  volumes  of 
supplementary  receivers  10  and  13,  and  also  of  the  friction  of 
throttle/chokes  9 and  12  and  of  the  ef f or* /tor.ces  of  springs  2 and  U 
it  is  possible  to  ensure  the  assigned  pauses  in  the  piston  stroke  of 
cylinder  8. 


Pneumatic  actuators  of  continuous  oscillatory  motion. 


For  the  automation  of  technological  processes  frequently  are 
required  the  drives  of  continuous  oscillatory  or  repeated  motion. 
Specifically,  the  mechanisms  of  oscillatory  motion  are  applied  for 
the  drive  of  bunker  loaders  and  superf inishing  *ool  heads  on  machine 
tools  and  etc. 


Figure  2 55a  gives  the  schematic  diagram  of  mechanism  for 
obtaining  oscillatory  motion  from  pneumatic  engine  is  connected  wi“h 


DOC  = 77280109 


PAGE 


<1  istr il' utor  2,  the  governing  three-way  distributor  1 way  of  pressure 
relief.  During  tne  supplying  of  air  from  distributor  1 into  pneumatic 
engine  1 its  diaphragm,  overcoming  the  effort/force  of  guard  ft,  is 
deflected  and  through  the  stock/rod  changes  over  distributor  2,  whicn 
through  distributor  1 connects  the  diaphragm  chamber  wi*h  the 
atmosphere.  As  a result  spring  ft  deflects  diaphragm  to  opposite  side, 
moving  distributor  2,  wnich  they  will  switcn  distributor  3 into  the 
position  of  the  power  supply  of  pneumatic  engine,  and  ovol«  it  is 


repeated.  Page  310. 
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the  stock/rod  of  diaphragm  is  provided  the  oscillatory  motion  whose 
frequency  is  regulated  by  throttle/chokes  5 and  4, 
established/installed  on  the  inlet  into  the  cavity  of  the 
administration  of  distributor  3. 


Figure  /55t  depicts  the  schematic  of  pneumo-media  n ism  with  the 
circular  vibrations  ot  the  output/yield,  used  ter  the  drive,  for 
example,  of  the  knob/cap  of  grinding  machine.  A mechanism  Ms  to 
distribute  5 with  rotary  slide  valve  arl  the  pneumatic  cylinder  of  1 
rotary  action,  working  plate  (blade)  of  2 of  which  is  connected 
through  the  output  shaft  with  load.  During  the  rot  at  ior. /re  volu  tion  of 
the  valve  of  6 distributor  of  chamber  a and  b of  pneumatic  cylinder 
consecutively  they  are  connected  through  the  channels  of  distributor 
with  supply  main  4 ar.d  with  channel  d,  which  drive  in  the  atmosphere. 
The  oscillat ion/vibrat i cn  frequency  is  determined  by  the  number  of 
revolutions  of  vil vj  8,  whereupon  during  the  appropriate  execution  of 
the  latter  in  its  each  of  revolutions  can  occur  two  and  more  the 
vibrations  of  plate  2 and,  consequently,  also  output  shaft.  With 
large  number  of  revolutions  the  valve  is  esta  bl  ish  /i  n st  al  1 ed  on 
needle  bearing  (see  Fig.  54c). 


The  swing  of  the  output  shaft  of  engine  is  regulated  tv  air 
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pressure,  applied  to  distributor  5.  Experiment  shows  that  during  a 
change  of  the  air  pressure  in  the  range  0.1-4  kgf/cm2  peak-to-p»ak  of 
the  oscillation  of  plate  varies  within  the  limits  of  10-40°  in  work 
15-50  Hz  frequency. 


In  onqine  block  on  the  axis  of  its  symmetry  is  a 
opening/aperture  with  adjustable  throttle/choke  1,  which  corrects 
during  the  fluctation  of  the  plate  of  chamber  a and  b with  th^ 
atmosphere,  thanks  to  which  it  is  stabilized  the  initial  value  of  the 
angle  between  the  axis  of  the  symmetry  of  housing  and  th?  axle/axis, 
relative  to  which  oscillates  plate.  3y  the  control  ot  *•  ho  friction  ct 
throttle/choke  3 it  is  possible  to  carry  out  a charge  within  limits 

± (5-7)  ° the  position  of  the  axis  of  symmetry,  relative  to  which 

oscillates  the  plate  of  engine. 


Throttle/chokes  7 and  8 serve  tot  braking  plat^  2. 


pneumatic  servomechanisms. 


The  compressed  air  is  applied  ilso  as  working  medium  and  in 
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sla VH/spr vo  type  amplifier  systems. 


Figure  256a  shows  the  schematic  of  the  servomechanism  of 
duplicating  lathe  with  a distributor  of  the  type  the"  nozzle"  - 
shutter/valve  whose  nozzle  of  7 is  placed  on  the  exit  com ponen t/li nk 
of  system.  Shutter/ val ve  in  this  diagram  is  the  very  template/pattern 
of  6 article  5,  which  is  duplicated  by  cuttinq  tool  with  high 
accuracy/precision.  The  compressed  air  from  the  main  line  of  power 
supply  1 constantly  will  be  fed  into  rod  of  cavity  h of  pneumatic 
cylinder,  cavity  c,  opposite  to  stock/rod  (its  effective  area  usually 
2 times  exceeds  the  area  of  rod  cavity),  is  connected  with  the  main 
line  of  the  power  supply  through  throttle/choke  2, 
established/installed  before  nozzle  7. 


Page  311. 

Since  ir.  the  channel,  along  which  will  be  fed  fhe  compressed  air 
into  the  nozzle  chamber  a,  is  rsta  h 1 ished/i  ns  t ailed  throf  le/choke  2, 
pressure  p2  i rt  this  chamber  and,  consequently,  also  in  cavity  o of 
pneumatic  cylinder  i*  changes  during  a change  in  Mie  slot  between  Mie 
nozzle  and  the  temp  late/ pat  tern.  Since  in  the  rod  cavity  b of 
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cylinder  7 pressure  is  constant  (equal  to  pressure  pt  power  supply), 
jump/drop  Ap  = pi-p2  in  cavities  b and  c of  nneumafic  cylinder 
changes  with  the  change  in  the  size/di  men  si  on  of  this  slot,  caused 
suction  of  instrument/tool  carriage  3 along  te mp lat  c/pa t tar  n , as  a 
result  of  which  carriage  and/  consequently,  also  cutting  tool  4 
repeat  (they  duplicate)  during  *heir  motion  the  airfoil/profile  of 
t e mpiat e/pat t er n 6.  Thus,  for  instance,  with  an  increase  in  the  slot 
between  the  template/pattern  and  the  nozzle  the  air  flow  rate  from 
chamber  a through  this  slot  will  exceed  its  admission  into  the 
chamber  through  throttle/choke  2,  in  consequence  of  which  pressure  p2 
in  chamber  a and  in  cavity  c of  pneumatic  cylinder  will  fall,  and 
piston  with  instrument  and  nozzle  under  effect  of  pressure  p,  in  rod 
cavity  will  move  to  template/pattern  (to  ^ he  side  of  a decrease  in 
the  slot).  During  a decrease  in  this  slot  the  piston  moves  to 
opposite  side  (from  temp]  ate/pattern)  . 


Thus,  nozzle  and,  consequently,  also  cutting  tool  it  will 
"follow"  with  certain  accuracy/precisicn  the  airfoil/profile  of 
templa te/pa ttern , whereupon  with  constant  load  at  the  output/yield  of 
pneumatic  cylinder  nozzle  ejg(  will  be  located  on  this  distance  rrom 
the  surface  of  the  template/pattern,  with  which  the  air  flow  rate 
through  the  formed  slot  between  section/shear  and  template/pattern 
will  be  equal  under  all  otheL  identical  conditions  to  the  flow  tafp 
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through  throttle/choke  2.  Virtually  this  distance  do-^s  not  xceed 
several  micrometer s,  whereupon  since  the  viscosity  of  air  during  the 
possible  fluctuations  of  temperature  is  retained  virtually  constant, 
the  system  provides  under  the  static  conditions  the  high 
accuracy/precision  of  tracking. 

The  a ccura cy / p roc  is io n and  the  sensitivity  of  tracking  are 
determined  in  the  diagram  in  question  by  the  same  factors,  as  in 
hydraulic  drive,  and  also  by  the  compressibility  of  th?  working 
medium  (air)  , which  increases  delay  in  final  adjustment  by  th*' 
output/yield  of  the  signals  of  the  inlet. 

Are  applied  slave/servo  type  also  combined  pn^udraulic 
amplifiers  in  which  first  stage  0f  intensification  is  pneumatic,  and 
the  second  - hydraulic.  Figure  25t>b  gives  the  circuit  of  a similar 
two-stage  amplifier,  used  jn  automatic  control  system  of  aircraft  in 
air. 

First  stage  of  pneumatic  type  intensification  consists  of  the 
jet  pipe  of  membrane/diaphragm  type  1 and  pneumatic  actuating  M^mert 
with  the  receiving  windows  a (see  also  Fig.  182a) . Diaphr a qm/m embrane 
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4 of  this  device  by  thrust/rod  is  connected  with  distribution  vilve 

of  second  step/stige  of  i ntensi f icat ior , governinj  piston  2 of 
hydraulic  performing  Actuating  cylinder t connected  with  load 

(aircraft  control). 

During  *h?  ieviation  of  aircraft  from  the  predeter mined  course 
sensing  element  of  autopilot,  which  reacts  to  this  deviation, 
displaces  jet  pipe  1,  as  a result  occurs  the  redistribution  of  tfco 
pressure  of  the  compressed  air  between  the  receiving  windows  a and 
the  cavities  of  pneumatic  actuator  6,  which  causes  the  appropriate 
deformation  of  diaphragm/membrane  4 and  displacement  through  the 

thrust/rod  of  5 valve  1 of  hydraulic  Part  of  the  drive,  since  the 
valve  "follows"  the  piston  of  hydraulic  cylinder  aircraft  control 
surface  win  be  displaced  toward  the  required  sidy,  removinu  the 

deviation  of  aircraft  from  course. 


Pneumatic  systems  of  the  automation  of  machining  operations. 


Especially  widely  pressure-operated  devices  are  applied  for  th 
automation  of  operations  in  the  machine  tools:  loading  and  * ne 

attachment,  billets;  the  start  and  *iie  disconnection  of  *-he  wording 
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class  »ovp mo nts  of  supports;  the  release  and  the  romova l/d ista nee  of 
billets  from  machine  tool;  the  in-ra-  and  bet  ween- mil  1 transnor*  of 
billets;  braking  operating  units  with  cessation;  the  supply  and  the 
di vet sior/ta p of  detents  and  etc.  Furthermore,  the  pressure-operated 
devices  in  the  systems  of  numerical  pro  yr  a mined  machine-tool  control 

read  program.  Page  112. 
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Fig.  257.  Diagram  of  pneumatic  s_ystem  with  azimuth  guidance. 

Figure  257  depicts  the  schematic  of  the  automated  lath3  with  the 
elect ropneumohy dra u lie  system  of  azimuth  guidance.  Diagram  has  two 
diaphragm  actuating  mechanisms,  one  of  which  6 serves  for  the  drive 
of  the  mechanism  of  the  terminal  of  billet,  and  the  second  4 serves 
for  the  start  ot  the  clutch  of  longitudinal  feed.  Pneumatic  cylinder 
8 servos  for  braking  arbor,  ar.d  pneumatic  cylinder  1 with  tank  2 it 
serves  for  the  feed  ot  cross-slide.  Billet  is  establ i sh /in st al led  to 
machine  tool  by  nand,  whereupon  is  switched  on  auxiliary  electric 
motor  for  the  rapid  adjustments  of  support.  The  latter  affects  to 
distribute  5,  establish/installing  i4-  in  the  position  of  the  feed  of 
the  compressed  air  in  actuating  mechanism  6,  that  fixes  bill©*,  and 

simultaneously  through  distributor  7 into  [.iieumatic  cylinder  >)  whose 
stock/rod,  moving  upward,  f ree/rel eases  the  brake  of  arbor.  With 
brake  is  connected  electric-terminal  disconnection  switch,  which  a4- 
the  end  of  the  releasing  the  brake  involves  the  mo*ior.  of 
longitudinal  feed.  Begins  the  process  of  machining. 


At  *-ht-  end  of  this  operation  is  switched  on  *-he  ° 1 ect  r oma  ar.et  of 
distributor  3,  through  which  the  compressed  air  enters  the  pneura*ic 
cylinder  of  1 support  of  cross  feed  whose  stock/rod  is  rigidly 
connected  with  the  housing  of  machine  tool.  At  the  end  of  * h o course 
cf  support  is  switched  on  the  electric  mo4or  for  the  out -rapid 
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ttdverst-  of  the  turret  saddle.  In  Miis  case  the  air  is  supplied  to 
tank  2,  displacing  from  it  oil  into  the  hydraulic  cavity  of  pneumatic 
cylinder  1.  At  the  end  of  the  back  stroke  of  the  turret  saddle  the 
electric  motors  are  disconnect/tutnel  off,  arber  brakes,  and  billed 
is  free/released. 


Pneumatic  reader. 


Figure  258  shows  the  schematic  of  pressure-operated  device  for 
♦■he  reading  of  the  program,  plotted/applied  on  root  ion- pic  t u re  film  in 

the  form  of  the  combination  of  opening/apertures. 


Air  under  pressure  3-4  kgf/eni2  comes  from  grid/network  channels 
a and  t of  slide  valve  box  4,  in  which  is  located  plunger  13  and 
given  by  electromagnet  7 slide  valve  5.  Upon  the  switching  on  of 
electromagnet  7 valve  5,  compressing  spring  6,  is  moved  to  the  left 
position,  in  which  the  compressed  air  enters  through  the 
opening/aperture  of  valve  from  channel  b under  plunger  13  and  moves 
it  upward.  In  this  case  rubber  blanket  8 is  dilate/extended  and, 
compressing  lath  9,  it  presses  it  and  the  mot ion-pict ur e film, 
broached  by  rachet  14,  to  reading  head  12.  During  the  lift  of  plunger 
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11  it;  open/disclosed  also  channel  c,  through  which  the  air  enters 
channel  d of  reading  head  and  into  uptanes  e and  t {{_■  ~ / Xn  ■ 'and  fy 
the  further  directed  jets  to  f ilm/st rip.  At  the  current  torgue/moment 
in  mot  ion- pictu re  film  is  a cpening/a pertute  against  jet,  air  it 
passes  through  it,  but  ir  jet  is  overlapped  by  film/strip,  then  air 
it  passes  in*o  th°  lateral  sloping  channels  and,  acting  on  contact, 
plates*  it  closes  contacts  10  and  11,  js  a result  appears  electrical 
signal.  With  the  aid  of  these  si  jnals  occurs  the  reading  of  the 
written  on  tape  program.  Page  312. 
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Fig.  258.  Schematic  or  pressurt  -of  er  at  ed  Icvice  f-,r  the  rH.idir.  : of 
program.  / 'fT  Simultaneously  with  this  pusher  2 under  the  sprii  : 
effect  of  lever  1 is  moved  *o  the  left  and  sets  the  rachet  of  1-4 
tape-drive  mechanisms. 

With  the  disconnection  of  electromagnet  7 valv^  5 under  spring 
effect  ft  is  moved  to  the  riaht  position,  detaclinj  channel  b from 

ch aural  under  plunger  13.  As  a result  plunger  1 3 is  omitted  an  3 
free/releases  motion-picture  film,  the  compressed  lir  if  passes  from 
channel  a *o  the  piston  of  3 pushers  2 and  moves  it  * o *he  righ*  to 
detent.  In  this  case  lever  1 through  another  lever  and  He  detent 
turns  raehe*  14,  displacing  tape  to  the  value  of  the  selected  space. 

Instruments  of  the  systems  of  pneumatic  au*omatics  wi*n  the 
diaphragm/membranes  oi  variable  effective  area. 

Tri  the  systems  of  pneumatic  automatics  art  common  the 
instruments,  constructed  on  the  basis  of  membrane/diaphrag m node/urit 
with  variable  effective  area  (see  ^ig.  22ft)  . Figure  25‘*a  depicts  Me* 
amplifier  circuit  of  He  pressure,  which  is  applied  in  Hp  different 
pneumatic  systems  ot  monitoring  anl  industrial  control.  Amplifier 
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wakes  it  possible  to  ensure  the  operations,  describe!  t y t lie  equal  i 

P = kpu 

where  p and  pt  - air  pressure  a*  out  put /yield  trom  device  and  at  Ur 
inlet  into  i * ; k is  the  transfer  function  or  device,  which  in  the 
majority  or  cases  is  constant  factor. 


Amplifier  consists  of  the  command  t wo-mem t rane/diaph r ag m o* 
chamber  a with  variable  effective  area  and  converter  of  the  type" 
nozzle"  - shutt er /valve  2-3,  switching  on  the  t wo-membrane/diaphr agm 
rode/unit  b with  negative  feedback.  Converter  nozzle  - shutter/valve 
includes  nozzle  2,  th<*  throttle/choke  of  fixed  resistor  4 and 
sh utter/val ve  3. 


The  command  chamber  a is  formed  by  two  i iaphragm/membranes  wi  h 
adjustable  effective  areas  of  St  and  s,,  bn*  chamber  b of  negative 
feedback  is  formed  by  d iaphrag  m/me  mbra  r.es  with  areas  of  S2  and  s?. 
All  the  indicated  d iaphrag m/me mbranes  are  united  into 

common/yeneral/tet al  rigid  block  (center)  3. 


dsually  the  diameters  o 


f the  housings  of  rigid  centers  an) 
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washers  of  the  -jiKimin)  of  small  (s,  and  s2)  and  large  (S,  and  s2) 
diaph  tag  m/mem  br  an  es  are  Lvsptct  iv^ly  equal  to  each  oth  = r. 

Factor  ot  amplification  (transfer  function)  k is  i^ulat-  i tv 
displacement  with  t tie  aid  of  the  screw/propcller  of  r>  s.-iut  +<*  r/ va  1 ve 
3,  which  follows  nozzle  2,  connected  with  mem  0 ran  e/di  apt.r  a a m block  1. 
in  moving  mem  or  ane/diaphragm  block  1 occurs  a simultaneous  chan;«  in 
the  effective  areas  of  all  diaphragm/membranes  and  a change  in  *he 
coefficient,  amplifying  device. 

Equilibrium  condition  of  mc-mb  rane/di  apiir  agtr,  block  1 under  the 
static  behavior 

Pi  (Si  si ) — P (S i — s2). 


whence  the  controlled  pressure  p at  the  ou  t j-u  t/yi  eld  of  the 
instrument 
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Fig.  259.  Pn<  uraos- i nst  rumen  t with  rhe  diaphragm/membranos  of  variable 

area.  since  the  effective  areas  of  each  of  two  bellows  are 

determined  by  differences  in  the  effective  areas  of  th3  corresponding 

paired  diaphragm/m^mbranes  (see  page  264),  device  in  question  i*  has 

the  wide  (virtually  not  limited)  runqe  of  intensification 
(04^4  00). 


Angle  of  taper  of  the  rigid  centers  of  1 i a ph  rag  n/ist-m  branes  and 
washers  of  jamming  usually  about  10°.  In  devices  of  this  type  usually 
is  observed  for  obtaining  the  maximum  range  of  a change  in  the 

amplification  factor  the  condition  of  the  equality  of  ette  .maximum 
effective  area  of  a small  diaphragm/ membrane  /r  and  ot  the  minimum 
effective  area  of  large  d iaphr  ag  m/metnb  rane  S... 

®ut«  = ^mln- 


Dia ph ragm/mem bran es  are  manufactured  predominantly  from 
rubberized  twill  fabric  0.2-0.  5 mm  thickness. 


Experiments  show  that  an  «-rror  in  the  amplifier  of  such  * yne 
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(diameters  or  the  washers  of  the  jamming  of  the  larqe  and  small 
di aph rag m/mem bL an  i s of  the  tested  instruments  are  respectively  equal 
to  42  and  to  30  mm,  but  the  diameters  of  the  apex/vertoxes  of  the 
truncated  cones  of  the  rigid  centers  of  small  and  larqe 

diaphraqm/membranes  - ) and  19  mm)  during  a change  of  the  input  and 

output  signals  or  pressure  in  the  range  0.2-1  kgf/om?  does  not  exceed 

♦ 0.9  o/o . 


Figure  299b  shows  the  schematic  of  the  pneumatic  position 
device,  intended  for  the  tr ans f ormat io n of  the  pneumatic  analog 
signals  of  pressure  p?  and  p3  into  the  displacement/moveme  r.t  of 
output/yield  (for  example,  the  shutter/valve  of  an  amplifier  of  the 
type"  nozzle"  - ga utter/valve) . This  device  includes  two  diaphragm 
chambers  a and  i,  from  which  chamber  a is  formed  by  small  and  large 
diaphraqm/membranes  with  adjustable  effective  areas  of  s,  and  Si,  tut 
chamber  b - by  diaphragm/membranes  with  areas  of  s2  and  S2. 


The  rigid  centers  of  all  diaphragm/membranes  are  united  into 
ccmmon/qonorai/tot.  al  b.  ock  1,  in  moving  which  change  the  effective 
areas  of  all  diaphr agm/membrar es. 
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Fig.  2(>0.  Pneumatic  analog  computer.  'Ji  besides  this,  is  observed 
the  condition  g -9  , Lv  which  will  be  provided  the  maxi  mum 

(»>  7x  /tj  mj  * 

displace ment/mQvement  of  block  1 depending  on  signals  p2  and  p3. 

the  condition  of  the  static  equilibrium  of  block  1 under  “ffecr 
of  pressure  in  chambers  a and  b 


whence  we  find 


P a (Si  — Si ) ~ p.t  (S2  — st). 

Pa  *Si  — 

P»  ~ St  — h ‘ 


A change  in  the  left  side  of  the  equality  (relation  of  signals 
p3/p2)  produces  change  in  th*.  right  side  and  a change  in  the  position 
of  the  meinbrane/diaphragm  unit  of  position  device. 


DOC 


77280109 


The  experiment  showed,  that  an  instrument  error  of  the  sa  m~ 

i 

size/dimensions,  as  in  the  case  examined  above,  during  i change  ot 
the  input  signals  p2  and  p3  in  rhe  range  0.2-1  kgf/cm2  does  no- 
exceed  2.5o/o. 


Or,  the  basis  of  * he  described  memfcrane/diaphragm  amplifiers  of 
pressure  and  position  device  can  be  constructed  pneumatic  analog 
computer  for  multiplication  and  division  of  two  independant 
variables,  and  also  for  sguarirg  and  root-squaring  of  one  variable, 
the  amplifier  of  pressure  wi-h  diaphragm  chambers  a and  1 (Fig.  2f>0, 
see  also  Fig.  259a)  and  position  device  with  chambers  c and  d (see 
also  Fig.  259b)  are  connected  in  such  a way  *hat  the  rigid  cen^r  or 
position  device  is  the  shutter/ va lve  ot  nozzle  2,  connected  with  the 
s’-ock/rod  of  J amplifiers  of  pressure,  since  the  end/f ice  of  *hi' 
stock/rod  of  1 position  device  serves  as  shutter/valve  for  * h-  nozzl- 
of  2 amplifiers  of  pressure,  nozzle  follows  the 

lisplacement/movements  of  stock/rod  1,  as  a result  ar^  provided  the 
equal  displacement/movements  of  stock/rods  J and  1.  iir  under 
pressure  p will  be  fed  into  chamber  b of  the  feedback  of  the 
amplirier  through  throttle/choke  4 of  fixed  resistor.  Tn?  signal  of 
pressure  p,  form/shaped  in  chamfer  b of  feedback,  is  the  result  of 
the  performed  by  this  leyice  n at hematical  operation.  To  -he  ir.  1-  - ot 
amplifier  into  chamber  a is  sup)  lied  signal  pt,  also,  to  chambers  c 


also 
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and  d of  position  device  - signals  n?  and  p3.  Chambers  a 
amplifier  of  pressure  and  c - position  device  are  formed 
diaph rag m/membranes  with  areas  of  s,  and  .slf  but  chamber 
diaphragm/membranos  with  identical  areas  of  s?  and  S2 . 


o f th  o 
bv  identical 
b and  d - by 


From  the  analysis  of  the  interaction  of  amplifier  and  position 
device,  produced  taking  into  account  the  equality  of  the  ar^as  of  the 
diaphragm/membranes , which  form  chambers  a and  c,  and  also  f and  d, 
and  series  commun icat ion/co nnectio n of  stocx/rods  3 and  1 
(computational  operations  are  r ot  given)  , it  follows  tni*  the  work  of 
the  computer  in  question  is  described  by  the  equation 


£i£j_ 

Pj  ' 


page  31b. 


w/appen  1 i x. 


Relationships  between  the  units  of  the  nhysical 


quant  it ie 
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Key:  (1).  Designation  of  value.  (2).  Unit.  (3).  Value  in  the  units  o 

SI,  multiple  and  lobate  from  them.  (4)  . Desi«jnat-ior.  (5). 

Designation.  (6).  Mass.  (7).  k i log ra m- force-second  squared  to  meter. 
(8).  kg*s*/m.  (9).  Kq . (10)  . Density.  (11).  kilcgram-force-sec  ond 

squared  to  meter  to  the  fourth  degree.  (12).  kgf»3?/m*.  (13).  kg/n 3. 

(14).  Kilogram  to  cubic  centimeter.  (15).  kg/cm3.  (18).  Gram  *o  cubi 
centimeter.  (17).  g/cm3.  (13).  Kilogram-force.  (19).  Force,  weight. 

(20).  gram-force.  (21).  kgf.  (21a).  N . (22).  G.  (23).  m‘J.  (24). 

Ton-force.  (25).  T.  (28).  k V.  (27).  Dyne.  (28).  dvnes.  (29).  Moment 
of  force.  (30).  Kilogram-meter.  (31).  kj«m.  (32).  N»m.  (33). 
ki logram-f orce-cent imeter.  (34).  kg»cm.  (35).  mN»m.  (33). 

Ki  log  rain- force  to  square  meter.  (37).  kgf/m*.  (33)  . Pa.  (39). 
Pressure,  mechanical  stress.  (40).  Ki 1 egr am-f orce  *0  square 
centimeter.  (41).  kgf/cm2.  (42).  MPa.  (43).  K i 1 ogr am- force  square 

millimeter.  (44).  kq/mma.  (45).  Pa  MPa.  (48).  Millimeter  of  mercury. 
(47).  mm  Hg.  (48).  Pa-  (49).  Work,  energy.  (50).  Kilogram-meter. 

(51).  kg«m.  (52).  J.  (5*).  Calories.  (54).  cal.  (55).  j.  (58).  Amour 

of  neat.  (57).  Kilocal  ories . (58).  keal.  (59).  J k.i.  ( *4  0 ) . Power. 

(61).  Kilogram- meter  per  second.  (82).  kg«m/s.  (63).  W.  (64). 
Horsepower.  (85).  h p.  (66).  w.  (67).  Dynamic  viscosity.  (63).  ^ois*  . 
(69).  poise.  (70).  Pa«s.  (7  1).  Centipoise.  (72).  cp.  (73).  Pa»s 
mPa*s.  (74).  ki  lo  1 ram-f  orce-second  to  square  meter.  (75).  kq»s/m?. 
(76).  Pa*s.  (77).  Kinematic  viscosity.  (78).  Stokes.  (74).  ste-  1 . 

(80).  ro?/s.  (3  1).  Centistoke.  (82)  . c.  st . (33).  mm?/s.  (84)  . 
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Specific  amount  of  heat.  (85)  . Calorie  cn  Cram-  (85a).  Kilocalorie  r 
kilogram.  (86)  . cal/g.  (86a).  kcal/kg.  (87).  J/kq.  (88).  Specific 
heat.  (89)  . Calorie  to  the  gram/degree  of  Celsius.  (90)  . cal/  (g»  (.) 
(91).  Kilocalorie  to  kg/degree  of  Celsius.  (12).  xcal/  (kg»°C).  (93) 

J/  (kg*K).  (94).  Heat  flux.  (95).  Calorie  per  second.  (96)  . cal/s. 

(97),  w.  (98).  Kilocalorie  in  hour.  (99).  kcal/h.  (100)  . W.  (101). 
Thermal  conductivity.  (102).  Calorie  per  second  to  the  centimeter- 
degree  of  Celsius.  (103).  cal/  (s»cm«°C)  . (104).  i«i  (m»K).  (105). 

(105).  Kilocalorie  in  hour  to  the  meter  •degree  of  Celsius.  (106). 
kcal/  ( h»m»°C.  (107).  k (m»K).  Paie  317. 
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